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ABSTRACT
Species within the genus Vibrio can be identified serologically 
through detection of species specific H antigens expressed in the core 
protein of the polar flagella. Cholera vibrios also exhibit a specific 
cell wall polysaccharide antigen (A). Antibody reactive with these 
specific antigens can be employed for the rapid serological 
identification of Vibrio isolates. Species-specific anti-H sera were 
produced in rabbits immunized with flagellar core protein prepared from 
V. vulnificus. A coagglutination reagent was constructed by arming S. 
aureus Cowan I cells with the anti-V. vulnificus flagellar antibody.
The reagent coagglutinated 99.3% of isolates identified 
bacteriologically as V. vulnificus and, other than V. pelaqius. did not 
agglutinate 19 heterologous Vibrio species tested. In addition, 
monoclonal antibodies (Mabs) reactive with the flagellar core protein 
of either V. cholerae or V. v u ln i f i c u s  were produced and used to make 
coagglutination reagents. Staphylococcus aureus cells armed with Mab 
specific for V. cholerae flagellar cere protein coagglutinated V. 
cholerae and V. mimicus isolates exclusively and did not react with 30 
heterologous Vibrio species tested. These results suggest that V. 
cholerae and V. mimicus express similar H determinants. Latex beads 
armed with Mab reactive with V. vulnificus flagellar cores 
coagglutinated only V. vulnificus among 32 Vibrio species tested. The 
anti-H coagglutination tests represent a rapid, serologically specific, 
and inexpensive method for identifying V. cholerae. V. mimicus and V.
vii
v u ln i f i c u s  one step beyond primary isolation.
Antibodies reactive with the A antigen of the cholera vibrios were 
employed in a membrane enzyme-linked immunosorfoant assay (ELISA) to 
detect V. cholerae 01 isolates in enrichment cultures. The membrane 
ELISA detected V. cholerae Ogawa cells in 6 hour alkaline peptone (AP) 
enrichment cultures initially inoculated with approximately 102 colony 
forming units per ml. The detection system did not produce false 
positive results when overnight AP broth cultures inoculated with five 
heterologous Vibrio species were assayed. The membrane ELISA is a 
rapid and specific assay for the identification of 01 vibrios directly 
from enrichment cultures.
v i i i
INTRDDUCTIOJ
Bacterial flagella are thin appendages which provide the cell 
with locomotion (Smith and Kbffler, 1971). In addition to being 
active organelles of motility, flagella may enable the bacterial cell 
to adhere and colonize a surface "in vitro" or "in vivo" (Abridge and 
Rowley, 1983). The capacity to colonize is associated with virulence 
in certain bacteria (Guentzel and Berry, 1975). Some organisms 
display polar flagella while others, such as Escherichia coli. 
exhibit flagella attached over the entire cell surface 
(peritrichous). Occasionally a tuft of flagella may arise at one or 
both ends of the cell (lophotrichous). Some bacteria exhibit both 
polar and peritrichous flagella.
Bacterial flagella consist of three structurally and 
antigenically defined regions: the basal body, hook and flagellar 
core or filament (Doetsch and Sjdblad, 1980; Smith and Kbffler,
1971). In addition, seme bacterial species exhibit a flagellar 
sheath which encases the flagellar filament (Doetsch and Sjoblad, 
1980). The flagellar structures are composed primarily of protein. 
The structure of the basal body is quite complex and includes a set 
of disks and rods that serve to attach the hook and filament to the 
cell membrane. In gram-negative bacteria the basal body is composed 
of four disks and a rod which passes through the centers of the disks 
(DePamphilis and Adler, 1971; Smith and Koffler, 1971; Doetsch and 
Sjoblad, 1980). In gram-positive bacteria, only two rings are
1
2present in the basal structure (DePamphilis and Adler, 1971). The 
disk which contacts the hook is connected by its periphery with the 
1 ipopolysaccharide portion of the outer cell wall. Likewise, the 
remining rings are associated with the peptidoglycan layer, the 
periplasmic space and the cytoplasmic membrane respectively. The 
basal body appears to act as a "flagellar motor" which drives the 
hook and filament in a rotary fashion (Silverman and Simon, 1974; 
Doetsch and Sjoblad, 1980). The rotation of the flagellar filament 
would then provide locomotion for the cell.
The flagellar hook is a tent tutelar section of the flagellum 
that penetrates the cell wall and connects the basal body to the 
filament. The hooked region is greater in diameter than the rest of 
the flagellum (DePamphilis and Adler, 1971). It usually consists of 
a single protein which differs from the filament protein (s) in 
molecular weight, amino acid composition, fine structure and 
antigenicity (Koffler, 1967). Various strains of Salmonella have 
been shown to possess hooks with a common antigenicity. However, the 
hook antigen differed from the Salmonella flagellar (H) and cell wall 
(O) antigens (Kagawa et al., 1973). The flagellar hook is also more 
stable to acid,alcohol, urea and heat than the flagellar filament 
(Koffler, 1967; Doetsch and Sjoblad, 1980). The function of the hook 
region is unknown. It may serve as an initiation site for the 
polymerization of flagellin monomers (Kagawa et al., 1973). It has 
also been postulated that the presence of the hook allows for 
efficient transmission of rotational motion to the flagellar filament 
(Doetsch and Sjoblad, 1980).
3Hie flagella of some organisms are surrounded by a sheath (Smith 
and Koffler, 1971; Follett and Gordon, 1963; Glauert et al.,1963). 
Evidence indicates that the sheath has a layered structure and is a 
continuation of the cell wall. The sheath is loosely attached to the 
flagellar core and may be easily removed frcm the filament by 
autolysis or exposure to urea or acid (Follett and Gordon, 1963;
Smith and Kbffler, 1971). The sheath contains proteins and antigens 
different from the flagellar filament (Hranitzky et al., 1980). The 
function of the sheath is unknown.
The long filament or flagellar core extends distally from the 
hook and accounts for more than 95% of the total flagellar protein 
(Silverman and Simon, 1974). The intact filament is a tubular 
structure the wall of which is composed of helically coiled protein 
fibers. Each fiber is composed of polymerized monomers of a protein 
referred to as flagellin (Koffler, 1967; Doetsch and Sjoblad, 1980; 
Smith and Koffler, 1971). Purified flagellar cores consist of one or 
two flagellins (Smith and Koffler, 1971; Shinoda et al., 1970; Ada et 
al., 1964). When intact flagellar cores are treated with denaturing 
agents such as acid, urea, alcohols,heat or sodium dodecyl sulfate the 
core dissociates into its individual flagellin monomeric subunits 
(Kbffler, 1967). The disaggregation of flagellin monomers is 
accompanied by a conformational change in the protein as evidenced by 
a reversible helix-coil transition at low pH or high temperature 
(Smith and Koffler, 1971). Unlike intact filaments, the flagellin 
monomers are soluble and can therefore be subjected to typical 
molecular weight determining procedures. Flagellin obtained from a
4number of organisms has been isolated and purified. The molecular 
weight of flagellin monomers varys from 33,000 to 60,000 depending on 
the species and the flagellar type (ie polar or peritrichous) (Kondch 
and Hotani, 1973; Dortsch and Sjoblad, 1980; Ada et al., 1964). In 
general, the amino acid composition of bacterial flagellins is 
atypical. Most flagellins contain very small amounts of the amino 
acids tryptophan, cysteine, proline, histidine and tyrosine (Koffler, 
1967; Yang et al., 1977; Ada et al., 1964; Smith and Kbffler, 1971).
After denaturation and under certain conditions the flagellar 
monomers are able to reassemble to form filaments indistinguishable 
from the original except that they are longer (Kbffler, 1967; Doetsch 
and Sjoblad, 1980; Ada et al., 1964). The self-assembly process of 
polymerization of flagellin monomers into flagellar filaments has 
been studied in detail by in vitro polymerization experiments with 
Salmonella flagellin (Doetsch and Sjoblad, 1980). It is thought that 
a flagellin monomer binds to the distal end of an existing filament.
The monomer is then incorporated into the filament and this event is 
accompanied by a conformational change in the newly bound monomer.
The incorporated monomer then serves as a part of the nucleus for 
polymerization of the next monomer. Thus, the flagellar filaments 
are formed by the sequential polymerization of flagellin monomers and 
not the helical coiling and twisting of existing flagellin fibers.
The orderly polymerization of the monomers confers a morphological 
polarity on the flagellar filaments. This method of assembly 
accompanied by an induced subunit conformational change also confines 
the polymerization site to the distal end of the filament. The
5distal end of the hook is postulated to serve as a nucleus for the 
polymerization of flagellin in vivo (Kagawa et al., 1973). Since all 
of the flagellins examined to date contain little or no cysteine 
residues then it is improbable that flagellin monomers are bound to 
one another by disulfide bridges. Due to the nature of filament 
denaturing agents, hydrophobic bonding has been assigned a 
significant role in the polymerization of flagellin monomers (Smith 
and Kbffler, 1971). In addition, conditions which favor 
polymerization of flagellin subunits also favor hydrophobic bonding.
Although flagellin monomers isolated from different species of 
bacteria a n d /o r  different flagellar types are biochemically and 
functionally similar, the intact flagellar cores are very diverse 
when analyzed from a structural or immunological point of view.
Various motile bacteria differ greatly in the structural arrangement 
of their flagellin fibers and protein subunits (Doetsch and Sjoblad, 
1980; Smith and Kbffler, 1971). Peritrichous flagella are usually a 
different diameter, length and wavelength than polar flagella.
Within some bacterial genera, such as Salmonella and Vibrio, many 
different types of flagellar core or H antigens have been observed 
(Kagawa et al. ,1973). Some of these H antigens are believed to be 
species-specific and seme are shared between certain species (Ada et 
al., 1964; Smith and Koffler, 1971; Tassin et al., 1983). Five 
groups of H antigens have been defined from 22 strains of Bacillus 
polvmvxa (Smith and Kbffler, 1971). One H antigen was found to be 
common to all strains while the other H antigens were shared by two 
or more B. polvmvxa strains. Even a single organism, such as Vibrio
6parahaeroolvticus. can produce both polar and lateral flagella which 
differ from each other structurally and antigenically (Shinoda et 
al., 1974). A single strain of Salmonella may alternately express 
two discrete peritrichous flagellar antigen types (Doetsch and 
Sjoblad, 1980; Smith and Kbffler, 1971).
Moreover, since flagellin can exist in at least two 
conformational states, in theory, each state could exhibit different 
antigenic determinants. For example, in the intact filament certain 
antigenic determinants may be exposed to the environment while other 
determinants may be buried inside the helical coil of the flagellin 
fibers. Still other determinants may be created by flagellin fiber- 
fiber interactions. The globular monomer, on the other hand, may 
present a different spectrum of antigenic determinants some of which 
may have been masked in the intact filament. Indeed, it has been 
demonstrated by quantitative precipitin reactions that monomeric 
flagellin purified from Proteus vulgaris only binds 15-20% of the 
antibodies raised against intact flagellar filaments (Koffler, 1967; 
Smith and Kbffler, 1971). Polymerized flagellin, intact flagella and 
flagellin monomers isolated from Salmonella adelaide also have been 
found to differ in imrnunogenicity (Nossal et al., 1964). Finally, 
four different types of antibody were produced when rabbits were 
immunized with Bacillus subtilis intact flagellar cores or flagellin 
monomers (Ichiki and Martinez, 1969). These antibodies have been 
defined as follows: (1) antiflagellar, immobilizing and neutralized 
only by intact cores, (2) antiflagellar neutralized by both flagellin 
and intact cores, (3) antiflagellin, immobilizing and neutralized by
both flagellin and intact cozes, and (4) antiflagellin neutralized 
only by flagellin. It is not known if reaggregated filaments differ 
antigenically from non-dissociated filaments. These conformational 
possibilities as well as the presence of different flagellar antigens 
must be considered during the production and analysis of antibody 
raised against flagellin or flagellar cores.
CHAPTER I Rapid serological identification of Vibrio 
vulnificus by anti-H coagglutination.
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Rapid Serological Identification o f Vibrio vulnificus by 
Anti-H Coagglutination
JA N E T  S IM O N S O N  a n d  R . J . S IE B E L IN G *
D e p a r tm e n t o f  M icrob io logy , L ou is ia n a  S ta te  U niversity , B a to n  R o u g e . L o u is ia n a  70H03 
R e c e i v e d  11 J u n e  1 9 8 6  A c c e p t e d  2 3  S e p t e m b e r  1 9 8 6
Staphylococcus aureus  C ow an 1 cells w ere a rm ed  w ith an ti-flagellar (an ti-H ) an tibody  p roduced  in rab b its  
im m unized  w ith flagellar core p ro te in  p rep are d  from  Vibrio vulnificus. This reagen t was assessed b \ 
coagg lu tination  fo r its  capacity  to  agg lu tina te an d  identify  V. vuln ificus . A species-specific H antigen  is 
expressed  in  the  co re  p ro te in s  o f  th e  po la r flagella o f  V. vulnificus. O f  435 V. vulnificus  isolates identified 
bacterio log ica lly , 432 <99.3 9 c ) w ere agg lu tina ted  in  the  slide test w ith in  2 m in  afte r  th e  ad d ition  of th e  anti-V . 
vulnificus  H  coagg lu tina tion  reag en t. O th e r th a n  Vibrio pelagius , th e  reagen t d id  not agg lu tina te  19 
hetero logous Vibrio spp . te sted , inc lud ing  290 V. cholerae , 22 V. m im icus , 395 V. parahaem olyticus. and  16 V. 
fiuv ia lis  isolates recovered  from  seafood and  the  m arine  env ironm en t. T h e  serological resolu tion  o f the 
coagg lu tination  reac tion  w as enhanced  if the  organ ism  u n d e r test was suspended  in 0.1 M T ris  b u ffe r-fl.l mM  
E D T A -l.O #  T rito n  X-100 (T E T ) fo r 24 h before serological exam ination . T he T E T  buffer also increased  t h e  
sensitivity  o f  th e  coagglu tination  reac tion  100-fold over tha t fo r isolates suspended  in 0.39? form alin ized  
phosphate -bu ffe red  saline before te sting . T he an ti-H  coagglu tination  test is a ra p id , serologically specific, and 
inexpensive p ro ced u re  fo r identifying V. vulnificus  one step  beyond p rim ary  isolation.
B ec au se  o f  th e  rap id  p ro g ress io n  and  high m orta lity  ra tes  
o f  Vibrio vu ln ificus  in fec tions  in h u m an s, especia lly  those  
v ic tim s w ith  u n derly ing  ch ro n ic  d isea se , s e a w a te r  and  se a ­
food  a re  bein g  sc ru tin ized  fo r the  p re sen ce  and  level o f  th is  
o rgan ism . T h e  reco v e ry , id en tifica tion , and  enu m era tio n  o f 
th e  V ibrio  p a th o g en s  in th e  m arine  en v iro n m en t and  in the 
shell fish w hich  inhab it it can  be overw h e lm in g  in logistics, 
m a te ria l, and  tim e , w hile the  ex p ed itio u s  and  specific id e n ­
tifica tion  o f  V. vuln ificus  in the  laborato ry  se tting  is d e s ir ­
ab le . O ne ap p ro ac h  to  co n d e n se  the  tim e req u ired  presently  
to  confirm  the  p re sen ce  o f  V. vuln ificus  in  th e  m arine  
en v iro n m en t, sea fo o d , o r  c lin ical spec im ens is th rough  the  
u se  o f  a rap id  sero log ical te s t w hich  d e te c ts  th e  species- 
specific flagellar (H ) a n tig en s . T h e  p rem ise  fo r sero logical 
iden tifica tion  is p red ica te d  up o n  the  o b se rv a tio n  o f  G ard n e r 
an d  V en k a tra m an  (5). w ho  rep o rted  tha t V ibrio cho lerae  
iso la te s , bo th  0 1  and  n o n -O l sero log ical v a rie tie s , ex p re ss  
an  H  an tigen  u n iq u e  to  th e  sp ec ies . T h is  o b se rv a tio n  w as 
c o n firm ed  in d e p e n d e n tly  by  S a k a z a k i e t a l. (13) and  
B h a tta c h a ry y a  an d  M ukerjee  (1. 2): th e  la tte r  rep o rted  tha t 
b o th  Vibrio m e tsc h n ik o v ii  and  V ibrio anpu illa rum  each  
ex p re ss  sp ecies-spec ific  H  an tig en s . A s add itio n a l sp ec ies  o f  
V ibrio  w ere  ex am in ed  sero logically  , it w as rep o rted  tha t V. 
p a ra h a e m o ly tic u s  (22). V. a lp in o ly ticu s  (8. 16). V. fiuv ia lis  
(20. 21). and  V. vuln ificus  (21) each  ex p re ss  species-spec ific  
H an tigens .
T a ss in  et al. (21) d e sc rib ed  a  tu b e  floccu lation  test in 
w h ich  an ti-H  se ru m  ra ised  aga inst sev en  Vibrio  species  
c o rrec tly  iden tified  w ith in  2 h 999? o f  the  V. cho lerae . 1009? 
o f  the  V. m e tsc h n ik o v ii .  989? o f  th e  V. fiu v ia lis . 979? o f  the  V. 
v u ln ificu s . and  93°? o f  th e  V. p a ra h a em o ly ticu s  iso la tes  from  
am o n g  467 en v iro n m en ta l iso la te s . T he tu b e  te s t ,  though  
re liab le , is la b o r in ten siv e  and  u ses  an ti-H  se ru m  p ro d u ced  
in rab b its  im m un ized  w ith  F o rm alin -k illed  w hole-ce ll v ac­
c in es . w hich  h av e  to  be a b so rb ed  repea ted ly  to  rem ove 
a n t i- 0  and  an ti-K  an tib o d y  ac tiv ity  .
* Corresponding author.
F o r  a n u m b e r o f  rea so n s , it is difficult to  v isualize  the 
an ti-H  reac tio n  w ith in  the  tim e c o n s tra in ts  o f  a d irec t im ­
m une slide te st (9). T he an ti-H  an tibody is re s tr ic ted  to  
bridging  an tig en s  lo ca ted  on  a single po la r flagellum . w hich  
d elays  the  bu ildup  o f  a v isib le im m une agg rega te . If the  
flagella b ecom e d e tach ed  from  the  bac teria l ce lls and  are  
reac ted  upon  by an ti-H  a n t ib o d y . th e re  is insufficient m ass to  
p roduce  a  d isce rn ib le  agg rega te  w ith in  the  tim e fram e o f  the 
slide te st. In  ad d itio n , th e  sh ea th  w hich  sh ro u d s  the  po la r 
flagellar co re  m ay m ask  the  species-spec ific  H d e te rm in an ts , 
lo ca ted  on  th e  co re , m ak ing  th e m  inaccess ib le  to  the H 
an tibody . T he sh ea th  w hich  is co n tig u o u s w ith  the  o u te r 
m em brane en v e lo p e  o f  th e  cell w all may ex p ress  O d e te rm i­
n an ts , w hich  m ake it im p era tiv e  th a t an ti-H  serum  p o s s e s  
no a n t i-0  ac tiv ity  .
C oagg lu tina tion  is a sero log ica l even t w hich  p erm its  the 
d e tec tio n  o f  m icrogram  q u an titie s  o f  so lub le an tigen  in 
clin ical sp ec im en s  and  h as  b ee n  used  to  d e tec t w ithin 
m inu tes cell w all and  ca p su la r  an tig en s  on the  bac teria l 
pathogen  o r  in fluids co llec ted  from  the  in fec ted  host <6>. The 
sero logical reag e n t. S ta p h y lo co cc u s  aureus  ce lls  a rm ed  w ith 
antibody th rough  its cell w all Fc re c e p to rs , pe rm its  the 
d eve lopm en t o f  a d isce rn ib le  agg lu tina tion  reac tio n  w ith 
sm all q u an titie s  o f  so lub le o r  p a rticu la te  an tigen , reac tio n s  
tha t m ay  not evo lve  in to  d isce rn ib le  co m p lex es  if an tise ru m  
alone  w ere  u sed . It w as th e  ob jec tiv e  o f  th is  investiga tion  to 
asse ss  the  u tility  o f  S ta p h y lo co cc u s  ce lls a rm ed  w ith an ti-H  
antibody to  d e tec t in a rap id  and  percep tib le  m an n er the 
species-spec ific  H d e te rm in a n ts  on V. vu ln ificus. The c o a g ­
g lu tina tion  reagen t w as u sed  to  sc reen  1.168 en v iro n m en ta l 
Vibrio  iso la tes  sero log ica lly  by a slide te st for \ . vulnifii m :  
th e  resu lts  W'ere co rre la te d  by b ac terio log ica l iden tifica tion .
M A T E R IA L S  AND M ETH O D S
Production  o f an ti-co re  H  se ru m . New Z ealand  W hite 
rab b its  w ere  im m unized  w ith  th e  H co re  p ro te in  p rep are d  
from  m otile  s tra in s  o f  V. vuln ificus  A T C C  27526. V. choh  rm  
O gaw a A TC C  14035. V ibrio  m im icu s  A TC C  33653. and  \  . 
p a ra h a em o ly ticu s  A T C C  10136. H co re s  w ere  iso la ted  from
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each  o f  the  fo u r V ibrio  s tra in s  by  the  m e th o d  o f  Y ang e t al. 
(231. E ach  vacc in e  s tra in  w as p ro p ag a ted  on T ry p tica se  soy 
agar (B B L  M icrob io logy  S y stem s) su p p lem en te d  w ith  2% 
N aC I. and  th e  bac te ria l law ns from  40  R o u x  bo ttle s  w ere  
h a rv es ted  in  0 .15  M N aC I (sa line ), s ed im en te d , an d  w ashed  
once in sa line . T h e  p e lle ts  w ere  su sp e n d ed  in  9  vo lum es o f  
0.1 M T ris  bu ffer (pH  7.8) con ta in in g  0 .1  m M  E D T A , 1.0%  
T riton  X -100. and  0 .001%  th im ero so l (T E T  buffer) and  
hom ogen ized  fo r 90 s at 4°C at th e  h igh -speed  se tting  in  a  
S orvall O m ni-M ixer. T h e  sh ea red  flagella w e re  sep a ra ted  
from  the  b ac te ria ! ce ll b od ie s  by  fo u r cy c les  o f  d ifferen tia l 
cen trifu g a tio n  a t 10.000 x g  fo r 10 min e a c h , an d  th e  flagella 
w ere  sed im en te d  a t 30,000 x g  fo r 2 h . T h e  H  co re s  w ere  
iso la ted  from  th e  res idua l ce llu la r  deb ris  by  ce s iu m  ch lo ride  
density  u ltracen trifu g a tio n  at 64 .000 x  g  fo r 18 h in a  V ti 50 
ro to r  (B eckm an  In s tru m e n ts . In c .) . T h e  H  c o re s  w ere  r e ­
trieved  by a sp ira tio n  from  th e  g rad ien t a f te r  th e  p ie rc ing  o f  
the tube  w all w ith  a sy rin g e . E ach  co re  f rac tio n  w as d ia lyzed  
overn igh t at 4°C aga inst T ris-E D T A  buffer a n d  th e n  sed i­
m en ted  a t 82 .000 x g  fo r  4 h. T h e  co re  p ro te in  pellets  w ere  
re su sp en d ed  in a  sm all vo lum e o f  T ris-E D T A  buffer, and  a 
po rtion  w as ex am in ed  by  e lec tro n  m icro sco p y  to  verify  tha t 
n aked  c o re s , free  o f  sh ea th  m a te ria l, w ere  p re sen t. T he 
purified c o re s , ap p ro x im ate ly  4 to  6  m g o f  p ro te in , w ere  
s to red  a t 4°C. T o ta l p ro te in  d e te rm in a tio n s  w e re  m ade by the  
m ethod  o f  L o w ry  et al. (7).
Im m uniza tion  pro toco l. R abb its  w ere  im m un ized  by a  
su b cu ta n eo u s  in jec tion  o f  10 p g  o f  co re  p ro te in  su sp e n d ed  in 
0.5 ml o f  0.067 M p h o sp h a te -b u ffe red  saline (P B S ), and  then  
at 3-day in te rv a ls , e a ch  rab b it w as im m un ized  by in trav e ­
nous in jection  w ith  g rad ed  d o ses  o f  co re  p ro te in , 15 to  100 
p g . o v e r  a  30-day p erio d . T h e  an im als  w ere  e x san g u in a ted  
35 to  40 d ay s  a f te r  the  s u b cu ta n eo u s  in jec tion , and  the  serum  
w as h a rv e s te d  an d  p ro cessed .
P rep a ra tio n  o f  the  an ti-H  coagg lu tination  reag en t. T he 
an ti-co re  ( i.e .. an ti-H ) se ru m , w as fixed to  F o rm alin -k illed  5 . 
aureus  C ow an  I A T C C  12598 ce lls  by m e th o d s  rep o rted  
previously  (4). S ta p h y lo c o c c u s  ce lls  pe lle ted  from  an  18-h 
b ro th  cu ltu re  w ere  w ash ed  th re e  tim es in P B S . su sp en d ed  in 
0.3% fo rm a lin ized  PB S . an d  in cu b a ted  a t ro o m  te m p era tu re  
fo r 3 h. T h e  F o rm alin -k illed  cell su sp e n sio n  w as sed im en ted . 
and  the  cell pe lle t w as  w ash ed  th re e  tim es  w ith  PB S . T he 
final pellet w as re su sp e n d e d  in P B S  to  g ive  a 10%  suspension  
Iv o l'vo ll o f  ce lls , w h ich  w ere  h ea ted  to  80°C fo r 1 h. S . 
aureus  ce lls  w e re  arm ed  w ith  an ti-H  an tib o d y  by  m ixing 0.1 
ml o f  und ilu ted  o r  d ilu ted  an tise ru m  w ith  1 ml o f  the  10% S. 
au reu s  cell su sp e n sio n . T h e  m ix tu re  w as in c u b a ted  o v e r ­
night a t 4°C an d  w ashed  o n ce  in P B S . an d  th e  a rm ed  ce lls 
w ere  re su sp e n d e d  in 10 ml o f  PB S .
Serology. T h e  anti-V '. vu ln ificu s  H  se ru m  w as  eva lu a ted  
sero log ica lly  by  the  tu b e  te s t fo r an ti-H  ac tiv ity  aga inst the  
vaccine  stra in  and  20 h e te ro lo g o u s  Vibrio  spp . T h e  p ro to co ls  
fo r an tigen  p rep a ra tio n  and  s tan d a rd iza tio n  a n d  an tise ru m  
dilu tion  sch em es  w ere  rep o rted  p rev io u sly  (21).
E ach  Vibrio  iso la te  to  be te s te d  by co ag g lu tin a tio n  w as 
p ro p ag a ted  on  a lk a lin e -p ep to n e  ag a r  s lan ts  (19c p ep to n e . 2% 
N aC I. 0.2%  y ea st e x tra c t.  1.5% a g a r  [pH  8.0]) fo r 18 to  24 h 
at 30°C. In  g ro u p  1. 528 iso la tes  exam ined  w ere  h a rv es ted  
from  th e  s lan ts  in  2 ml o f  fo rm a lin ized  P B S  and  te sted  
sero log ica lly  a f te r  1 h. In  g ro u p  2 . 640 iso la te s  w ere  h a r ­
vested  in T E T  buffer an d  te s ted  1 an d  24 h la te r . E ach  Vibrio  
iso la te , su sp e n d e d  in e i th e r  fo rm alin ized  P B S  o r  T E T  buffer, 
w as te s ted  in each  o f  the  fo u r co a g g lu tina tion  rea g e n ts . O ne 
d ro p  o f  the  V ibrio  ce ll su sp en sio n  w as p laced  on  a  g lass 
su rface , an d  o n e  d ro p  o f  the  co a g g lu tina tion  reag en t w as 
p laced  nex t to  it. T h e  d ro p s  w ere  m ixed  w ith  a  w ooden
ap p lica to r s tick , an d  th e  g la ss  p la te  w as tilted  slow ly  from  
side to  s ide . T he re a c ta n ts  w ere  o b s e rv e d  o v e r  a  3-m in 
period  fo r ev id en ce  o f  agg lu tin a tio n , w ith  in d irec t lighting  as 
a  b ack g ro u n d .
C ross-agg lu tination  an d  ab so rp tio n . E a ch  o f  th e  fo u r an ti- 
H  co a g g lu tina tion  reag e n ts  w as te s te d  sero log ica lly  aga in st 
T E T  buffer su sp e n sio n s  o f  21 Vibrio  sp ec ie s . S ta p h y lo c o c ­
cu s  ce lls  w ere  a rm ed  w ith  v a rio u s  d ilu tio n s  o f  each  o f  the 
fo u r an ti-H  sera . In  ad d itio n  to  th e  fo u r vacc in e  s tra in s  
identified  ab o v e , th e  fo llow ing Vibrio  sp ec ie s  w ere  in d iv id ­
ually  ti tra ted  w ith  each  co ag g lu tin a tio n  reag e n t a rm ed  w ith 
vario u s  d ilu tions  o f  each  o f  th e  fo u r  an ti-H  p rep a ra tio n s : V. 
angu illa rum  A T C C  19264, V. a lg in o ly ticu s  A T C C  33787. V. 
carcltariae  A T C C  35084, V. ca m p b e tlii A T C C  25920, V. 
c o s t ic o la  N C M B  701 , V . d a m s e la  A T C C  35083 , V, 
d ia zo tro p h icu s  A T C C  33466, V. f is c h e r i  N C M B  1281, V. 
f i u v ia l i s  A T C C  33810 . V. h a r v e v i  N C M B  1280 , V. 
n igrapu lchritudo  [sic] A T C C  27043. V'. p e la g iu s  A T C C  
25916, V. m e tsch n iko v ii P206. V. n a tr ie g en s  A T C C  14048, 
V. nere is  A T C C  25917. V. o rda lii A T C C  33509, a n d  V’. 
p ro te o ly tic u s  N C M B  1326.
E ach  an ti-H  se ru m  w as a b s o rb e d  w ith  F orm alin -k illed  
Vibrio  ce ll su sp e n sio n s  to  rem o v e  an ti-H  ac tiv ity  d ire c ted  
aga in st com m on  H  d e te rm in a n ts  sh a red  am ong  h e te ro lo g o u s  
V ibrio  sp e c ie s , in  ad d itio n  to  th e  spec ies-spec ific  H  an tigens . 
T h e  bac te ria l g row th  w as h a rv e s te d  from  five s lan t cu ltu re s  
in  fo rm alin ized  P B S , p o o le d , s ed im en te d . a n d  w ash ed  th ree  
tim es. A  4-m l am o u n t o f  th e  an ti-H  se ru m  to  be a b so rb ed  
w as d ilu ted  1:10 in P B S . m ixed  w ith  th e  h e te ro lo g o u s  Vibrio  
ce ll pe lle t (ab so rb ing  h e te ro lo g o u s  H  an tig en ), and  in cu b a ted  
a t 45°C fo r 2 h an d  th e n  o v e rn ig h t a t  4°C. T h e  a b so rb ed  
se ru m  w as reco v e red  by  c e n trifu g a tio n , a n d  th e  ab so rp tio n  
p ro cess  w as  rep ea ted  tw o  m ore  tim es. T h e  ab so rb e d  an ti-H  
se ru m  w as  fixed to  S . au reu s  ce lls  an d  re te s te d  by  coagg lu ­
tin a tio n  fo r sero log ica l specificity .
E nv ironm enta l Vibrio  isolates te sted . O v e r  a  9 -m on th  p e ­
rio d . 969 Vibrio  iso la tes  w ere  sen t to  us from  th e  C en tra l 
L a b o ra to ry , D iv ision  o f  L a b o ra to r ie s , D ep a rtm en t o f  H ealth  
and  H um an  R eso u rces , N ew  O rlean s . L a .,  an d  the  L ake 
C harles  R egional L a b o ra to ry . L a k e  C h a rle s  L a . P lan k to n , 
shellfish , sed im en t, and  w a te r  w e re  co llec ted  from  10 o y s te r  
fishing a re a s  in so u th  L o u is ian a  an d  p ro c e s s e d  bac terio log- 
ically  fo r V ibrio  sp p . E a ch  specim en  w as e n r ich ed  in bo th  
a lkaline  p ep to n e  b ro th  an d  H o rie  b ro th , s tre a k e d  to  th iosu l- 
fa te -c itra te  b ile  sa lts  ag a r from  w h ich  bo th  su cro se-p o s itiv e  
and  -negative  co lo n ies  w ere  se le c ted , an d  iden tified  bac te ri- 
olog ically  by m e th o d s  re p o rte d  p rev io u sly  (21). E a ch  iso la te  
w as n u m b er coded  an d  se n t in g ro u p s  o f  50 to  100 to  the  
D ep artm en t o f  M icrob io logy  a t L o u is ian a  S ta te  U n iv ers ity  
fo r sero log ica l te sting .
A lto g e th er, 199 V. cho lerae  n o n -O l iso la te s  w ere  rece ived  
from  the  N ational In s titu te  o f  C h o le ra  an d  E n te r ic  D iseases . 
C a lcu tta . Ind ia , and  w ere  a lso  te s te d  in e a ch  o f  the  an ti-H  
coagg lu tin a tio n  reag en ts .
RESU LTS A ND D ISC U SSIO N
T h e  sero log ical specificity  o f  an ti-V . vu ln ificus  H  serum  
p ro d u ced  in rab b its  im m unized  w ith  H  c o re s  w as a s se sse d  
by  bo th  tu b e  floccu lation  and  slide coagg lu tin a tio n  o f  H 
an tig en s . F orm alin -k illed  ce ll su sp e n s io n s  o f  20 h e te ro lo g o u s  
V ibrio  sp p . and  the  h om ologous v ac c in e  s tra in  w ere  a d d e d  to 
seria l d ilu tio n s  o f  th e  an tise ru m , s ta rtin g  a t a  d ilu tion  o f  
1:500. A  ti te r  o f  40,000 w as o b ta in ed  aga in st V. vuln ificus  
ce lls , w h e reas  on ly  o n e  h e te ro lo g o u s  sp ec ie s . V'. p e la g iu s ,  
f loccu la ted  w ith  a  t i te r  o f  1:1 .000. B h a tta c h a ry y a  and
V o l .  52. 1986 RA P ID ID E N T IF IC A T IO N  O F  V.  Y U L M F K  L S
T A B L E  1.  C o a g g l u t i n a t i o n  o f  V ib r io  i s o l a t e s  s u s p e n d e d  in  P B S "
Is o la te  tn  
bac te r io log ica l  
iden t i f ica t ion
N o -  te s te d
No .  o f  i so l a te '> ag gl u t in a t ed  wi th  an t i - H p re p a r e d  to.
V (halrrac V. minueas V. iiilnifu us t ’. pum llu t l)wl\H ii\
V'. c h o le ra e 71 71 71 0 {)
V . m im ic u s 6 6 6 0 (1
V’. v u ln ific u s 2 3 2 1 0 2 3 0 0
V . p a r a h a e m o h t ic u s 2 0 3 0 0 0 1 %
V'. f iu v ia lis 16 16 16 0 0
" F o r  J h in  0 . 3 f o rm al in i ze d  PB S t p H  7.3).  I so la te s  w e r e  te s te d  wi th  5 .  nureas ce l ls  a r m e d  u i t h  an t i - H ( c o r e i  a n t i b o d s .
M ukerjee  (2) re p o rte d  th a t a t low  d ilu tions  (1:500 o r  less). 
an ti-H  serum  show ed  c ro ss -reac tio n s  am ong  h e te ro logous 
V ibrio  sp ec ies . It is p ossib le  th a t the  f loccu la tion  o f  V. 
p e la g iu s  in  an ti-V . vu ln ificus  H  se ru m  re flec ts  such  a  s itu a ­
tion  in v iew  o f  th e  low  tite r . P rev io u s ly , w e re p o rte d  (21) tha t 
th e  anti-V '. vu ln ificu s  H  serum  tha t w as p ro d u c e d  in rabb its  
im m un ized  w ith  th e  F o rm alin -k illed  w ho le -ce ll vacc in e  
failed  to  f loccu la te  V. p e la g iu s  ce lls . S ince  th e  co re  p ro te in  
used  in th e  p re sen t investiga tion  w as p rep a re d  from  the  V. 
vu ln ificus  v ac c in e  s tra in  u sed  in  the  p rev io u s  s tu d y  (21). it is 
p ossib le  th a t th e  phy sica l s ta te  o f  th e  flagellum  influenced 
th e  c h a ra c te r  o f  the  im m une re sp o n se . T h e  n aked  core  
p ro te in s  m ay  p re sen t a  g re a te r  sp ec tru m  o f  m ore  accessib le  
H  d e te rm in an ts  to  th e  im m une fac ilities  o f  th e  rab b it than  do 
th e  sh ea th -sh ro u d ed  co re  p ro te in s  in the  w ho le-cell vaccine.
T he ad v a n tag e  H co re  p ro te in  o ffers  a s  a n  im m unogen  
o v e r  th e  w ho le-ce ll vacc in e  re s id e s  w ith  th e  fac t th a t the  
resu ltan t an tise ru m  d o es  not p o sse ss  d e te c ta b le  an ti-cell wail 
o r  a n t i-cap su la r sero log ica l ac tiv ity .
C ogn izan t o f  th e  low anti-V . p e la g iu s  H  ac tiv ity  in the 
anti-V . vu ln ificu s  se ru m , w e u sed  it to  p re p a re  the  coagg lu ­
tin a tio n  sero log ica l reag e n t. S . aureus  ce lls  a rm ed  w ith  
an ti-V . vu ln ificus  H  im m unoglobu lin  w ere  te s te d  fo r se ro lo g ­
ical ac tiv ity  and  sp ec ies  specificity . V. vuln ificus  ce lls w ere  
agg lu tina ted  w 'ithin 1 m in , V. p e la g iu s  ce lls  w-ere agg lu ti­
n a ted  a f te r  3 m in , and  n one  o f  th e  rem ain ing  19 h e tero logous 
V ibrio sp p . w as  co ag g lu tin a ted .
E xam ina tion  o f  env ironm en ta l Vibrio isolates by anti-H  
coagg lu tina tion . T h e  528 iso la tes  o f  g ro u p  1 w ere  inocu la ted  
d irec tly  o n to  a lk a lin e -p ep to n e  ag a r s lan ts  w ithou t benefit o f 
m otility  en h a n cem e n t. E ach  iso la te  w as h a rv e s te d  in 0.3°? 
fo rm a lin azed  P B S  and te s ted  serog ica lly  a fte r  a  1-h in c u b a ­
tion  at room  te m p e ra tu re . T he p rim ary  in ten t w as  to  assess  
th e  efficiency o f  the  anti-V '. vu ln ificus  H coagg lu tina tion  
reagen t to  d e tec t in a rap id , d isce rn ib le , an d  specific  m an n er 
th o se  iso la te s  w h ich  had  been  iden tified  bac te rio lo g ica lly  as 
V'. v u ln ificu s . O f  th e  232 iso la te s  iden tified  a s  V. vu ln ificus, 
230 (99.19?) w ere  coagg lu tina ted  w ith in  2 m in  a f te r  the 
a d d ition  o f  the  h om ologous coagg lu tin a tio n  reag en t (Table 
1). N o n e  o f  th e  296 iso la te s  iden tified  a s  V'. c h o lera e . V. 
m im ic u s . V. fiu v ia l is , o r  V. p a ra h a e m o ly tic u s  w as agg lu ti­
n a ted  w ith  th is  reag e n t. T h e  tw o  iso la te s , iden tified  a s  V. 
vu ln ificu s , w h ich  fa iled  to  co a g g lu tin a te  in th e  an ti-V . 
vuln ificus  reag en t w ere  re te s te d  bac te rio lo g ica lly . O ne fit all 
th e  physio log ica l te s ts  fo r  V. vu ln ificus  y e t failed  to  co a g ­
g lu tina te  ev e n  th ough  th e  iso la te  w as  m o tile , w h e reas  the 
o th e r  iso la te  w as  n o t re iden tified  as  V'. vuln ificus  an d  agglu­
tin a ted  in th e  anti-V '. cho lerae  H  reag en t.
E ach  o f  th e  528 Vibrio  iso la te s  w as  a lso  te s te d  by co a g ­
g lu tin a tio n  w ith  S . a u reu s  ce lls  a rm ed  w ith  anti-V . cho lera e . 
anti-V'. m im ic u s .  o r  anti-V '. p a ra h a em o ly ticu s  H  se ru m  p ro ­
d u ce d  in rab b its  im m un ized  w ith  H co re  p ro te in . T h e  p u r­
p o se  o f  th is  p o rtio n  o f  the  s u rv ey  w as tw ofo ld : first, to
a sc e r ta in  if th e  an ti-H  coagg lu tin a tio n  reag e n ts  w ith im plied 
specificity  fo r th e se  V ibrio  p a th o g en s  p o sse ssed  sero logical 
a c tiv ity  fo r V'. vu ln ificu s , and  sec o n d , to  as se s s  each  o f  these  
reag e n ts  fo r its c a p ac ity  to  coag g lu tin a te  p rec ise ly  the  re le ­
van t sp ec ies  from  am o n g  th e  528 e n v iro n m en ta l iso la tes.
T h e  an ti-V . cho lerae  H  coagg lu tin a tio n  reagen t agg lu ti­
n a ted  all 71 iso la tes  iden tified  as  V. cho lerae  (10 0 '? ) . all 6 
iso la tes  identified  as  V'. m im ic u s . and  all 16 iso la tes  identified 
b ac terio log ica lly  as  V. fiu v ia lis  (T ab le  1). W e re p o rte d  p re ­
v iously  (21) th a t V'. cho lerae  and  V. m im icu s  ex p re s s  sim iiiar 
if n o t iden tical H d e te rm in an ts . B h a tta c h a ry v a  and  M ukerjee 
(2) ex am in ed  the  H  an tigen  re la tio n sh ip s  am ong  V. cho lerae . 
V. m e tsch n iko v ii . and  V. a ngu illa r ton . T h ey  re p o rte d  that 
th e se  sp ec ies  e x p re ss  H  an tig en s  u n ique  to  each , at least one 
H  d e te rm in an t com m on  to  all th re e , and  a n o th e r  tw o  H 
an tig en s  sh ared  by tw o  o f  th e  th re e  sp ec ies  in d iffe ren t 
co m b in a tio n s . T a ss in  et a l. (20. 21) rep o rte d  th a t V. fiuv ia lis  
e x p re sse s  a species-spec ific  H an tigen  an d  a lso  p o sse sse s  
sero log ica lly  d e te c ta b le  H  d e te rm in an ts  in  com m on  w ith  the 
th re e  sp ec ie s  stud ied  by B h a tta c h a ry y a  and  M ukerjee  (2. 9>. 
It is m ost p ro b ab le  tha t the  an ti-V . cho lerae  coagg lu tina tion  
reag en t (T ab le 1) d e tec te d  th e se  com m on  or pub lic  H a n ti­
g en s  on V. m im icus  and  V. fiu v ia lis .
T h e  an ti-V . p a ra h a em o ly ticu s  H  co a g g lu tina tion  reagen t 
ag g lu tina ted  196 o f  th e  203 iso la te s  (96 .5f-?) identified b a c te ­
rio logica lly  an d  did not agg lu tin a te  any  o f  the  h e te ro logous 
Vibrio  iso la te s . T he sev en  iso la te s  w h ich  did n o t agg lu tina te  
w ere  reex am in ed  b ac te rio lo g ica lly . and  each  w as rciden ii- 
fied  a s  V. p a r a h a e m o ly t ic u s .  O n e  w as  fo u n d  to  be 
nonm otile .
O ften  V’. p a ra h a em o ly ticu s  iso la te s , especially  th o se  re ­
c o v e re d  rece n tly  fro m  the  en v iro n m e n t, p ro d u ce  m ucoid  
co lo n ies  w h ich , w hen  su sp e n d ed  in 0.39? fo rm alin ized  PBS 
fo r te s tin g  by coag g lu tin a tio n . g ive  rise  to  a v iscous  pudd le  
on  th e  g lass su rface  w h ich  is no t m isc ib le  w ith  the anti-H  
coagg lu tin a tio n  reag e n t. T h e  su b se q u e n t co a g g lu tina tion  
ev e n t w as  o b sc u re d  an d  difficult to  d isc e rn  and  in te rp re t. An 
o cc asio n a l I', vu ln ificus  iso la te  p re se n te d  the  sam e o bstac le  
to  sero log ical re so lu tio n .-P re se n te d  w ith  a  re la ted  p rob lem . 
Sil and  B h a ttac h a ry y a  (19) ex p o se d  V'. cho lerae  ce lls  to  1.5r ? 
p heno l in saline fo r 1 m in  to  en h a n ce  th e  sero log ical re so lu ­
tion  o f  th e  H  floccu la tion  ev e n t in a  d ire c t im m une slide test. 
P heno l tre a tm e n t, th e y  p ro p o se d , dam ages  o r rem o v es  the 
sh ea th  w hich  en c a se s  th e  H co re  an d  u n c o v e rs  the  species- 
specific  H  d e te rm in an ts . A n e x ten s iv e  sero log ica l su rv ey  by 
C as te lla n i-P as to ris  e t al. (3). in w-hich 1.081 V. cholerae  
iso la tes  w ere  exam ined  by the  p heno l slide agg lu tina tion  
te s t ,  c o rrec tly  identified  98.99? as V. cho lerae . O ne d ra w ­
back  to  th e  p heno l slide agg lu tin a tio n  test is tha t it may have 
to  be pe rfo rm ed  as  m any as  th re e  tim es on  e a ch  iso la te  to 
change  pheno l c o n c e n tra tio n s  in th e  su sp en d in g  buffer o r  to 
c h a n g e  ex p o su re  tim e to  the  p h en o l be fo re  an  iso la te  may be 
d ec la red  n ega tive . In  th e  coagg lu tin a tio n  test (T ab le 1). V.
S I M O N S O N  A N D  S 1EB ELING A p p l . E n v i r o n . M i c r o b i o l .
T A B L E  2 . C o a g g l u t i n a t i o n  o f  V ib r io  i s o l a t e s  s u s p e n d e d  in  T E T “
Kol. i te  h \  
ba c te r io log ica l  
iden t if ica tion
N o .  o f  i sola tes agg lu t ina te d  wi th  an t i -H  p r e p a r e d  to:
1 . < holcrtic V. m im u m \n ln ijin ts I ’. parohut'rnol\ m  us
V.  c h o le ra e 2 1 9 2 1 6 2 1 6 0 0
\  m im ic u s 16 16 16 0 0
\  . \ tiln ifit us 20 3 0 () 20 2 1
V. p u r a h o e n io lv tu  us 192 0 0 1 18 4
F o r  24 h in 0.1 M T r o  
i c o r c  an t ib od v .
. buf f e r  c o n ta in in g  (> 1 m M  E D T A .  1C< Tr i ton  X-100.  a n d  1).001'? th im er o so l .  I so la tes  w er e  t es te d  wi th  .S. aureus ce ll s  a r m e d  wi th  an t i -H
cho lerae  and  V. m im icu s  ce lls  su sp e n d ed  in  PBS w ere  
ag g lu tina ted  w ithin 1 m in . w ith  no  in te rfe ren c e  by slim e o r 
o th e r  im ped im en ts .
T o  p ro d u ce  a  c lean  and  un ifo rm  coagg lu tin a tio n  reac tio n , 
free o f  a r tifac ts , th e  H d e te rm in a n ts  on  th e  flagella m ust be 
access ib le  to  the  an ti-H  reag e n t, and  th e  v isco u s  c h a ra c te r  
tha t som e Vibrio  cell su sp e n sio n s  exh ib it m ust be elim inated  
w ithou t d im in ish ing  the  sen sitiv ity  o f  th e  sero log ica l te st. 
D uring  the  p rep a ra tio n  o f  th e  H  co re  p ro te in  im m unogen , the 
H --heath w as str ip p ed  from  th e  co re  by a su sp e n sio n  o f  the 
sh eared  in tac t flagella in T E T  buffer (23). S ix  m uco id  V. 
vuln ificus  iso la tes , w h ich  p ro d u ced  v isco u s  ce ll su sp e n sio n s  
in PB S . w ere p ro p ag a ted  and  h a rv es ted  from  th e  s lan ts  in 2 
mi o f  T E T  buffer an d  te s ted  a f te r  1 h by  co a gg lu tina tion . 
E ach  o f  the six iso la tes  su sp e n d ed  in T E T  bu ffer agg lu ti­
nated  w ith in  30 s w ith  th e  an ti-V . vu ln ificus  H  coagg lu tina- 
non  reagen t p ro d u c in g  a  c lean  reac tio n  w ith  n o  b ackg round  
tu rb id ity . T he re  w as no  ev id en ce  o f  th e  v isco u s  m uco id  
s tran d s  w hich  had  o b scu red  the  co a g g lu tina tion  reac tio n  
w hen these  ce lls had  b ee n  su sp e n d ed  in fo rm alin ized  PB S. 
T he T E T  buffer se rv ed  to  liquefy  th e  tro u b le so m e  slim e 
w ithou t ob v io u s  loss in sero log ica l ac tiv ity  o r  specificity .
E xam ination  by an ti-H  coagg lu tina tion  o f env ironm en ta l 
vibrio isolates suspended  in T E T  buffer. E ach  o f  th e  640 
v ibrios in g ro u p  2 o f  the  e n v iro n m en ta l iso la tes  te s te d  w as 
su spended  in 2 ml o f  T E T  bu ffer and  th e n  te s ted  by  coag- 
g lu tina tion  a t 1 an d  24 h a fte r  su sp e n sio n  (T ab le  2). A lto ­
g e th e r . 203 iso la tes  in th is  g ro u p  w ere  iden tified  bac terio log- 
ically as  V. vu ln ificu s . an d  202 o f  th e se  w ere  agg lu tina ted  
w uh in  60 s by th e  hom ologous co a g g lu tina tion  reagen t w hen 
te s ted  24 h a fte r  su sp en sio n  in T E T  buffer. T he single iso la te  
w hich failed to agg lu tina te  in th e  an ti-V . vu ln ificu s  H  reagen t 
w as ag g lu tina ted  in th e  anti-V '. p a ra h a e m o ly tic u s  reagen t. 
T he agg lu tina tion  re a c tio n s  w ere  e a sy  to  v isualize  and . 
im p o rtan tly , th e re  w as no o b v io u s  loss in sero log ica l speci- 
ficity in tha t none o f  th e  202 iso la tes  w as co ag g lu tin a ted  w ith 
the  o th e r th ree  co a g g lu tina tion  reag e n ts . T he V’. vuln ificus  
T E T  buffer cell s u sp e n sio n s , if  c a p p ed , re ta in ed  sero log ical 
ac tiv ity  and  specificity  fo r at least 1 m o n th . O ften , the 
turb id ity  o f  the  cell su sp e n sio n  d isap p e a red  a f te r  24 h and
gave rise  to  a c le a r  fluid, w'hich en h a n ced  th e  reso lu tio n  o f  
the  coagg lu tina tion  reac tio n .
V ibrio  iso la tes  identified  as  V. p a r a h a e m o ly tic u s .  w hen 
su spended  in T E T  bu ffer, p ro d u ced  ag g lu tina tion  re a c tio n s  
in th e  hom ologous co a g g lu tina tion  reag en t th a t w ere  e a sie r  
to  d isce rn  and  d ev e lo p ed  m ore  rap id ly  th a n  w 'hen ce lls  w ere 
su spended  in PB S . In the  p re sen t fo rm a t, e a ch  iso la te  shou ld  
be ex p o sed  to  th e  T E T  buffer fo r 24 h b efo re  te s tin g  to  
com p le te ly  e lim inate  the v isco s ity  o f  th e  ce ll su sp e n sio n . O f 
the  192 V'. p a ra h a em o ly ticu s  iso la tes  te s te d . 184 (95 .8°r) 
w ere  coagg lu tina ted  in th e  anti-V’. p a ra h a e m o ly tic u s  reag en t 
on ly . O ne o f  th e  eight iso la tes  th a t failed  to  ag g lu tina te  in the 
hom ologous H reagen t w as  ag g lu tina ted  w ith  th e  anti-V'. 
vuln ificus  H  reag e n t, fo u r au to -ag g lu tin a ted  in th e  u narm ed  
S . aureus  ce ll re ag e n t, and  th re e  iso la te s  failed  to  agg lu tina te  
in any  o f  th e  fou r H  reag en ts .
T h e  sero log ical sen sitiv ity  o f  th e  an ti-H  co a g g lu tina tion  
te st w as significantly  en h a n ced  w hen  the  V ibrio  iso la tes 
u n d e r te s t w ere  su sp e n d ed  in T E T  buffer fo r as  sh o rt a tim e 
as 1 h. S . aureus  ce lls  a rm ed  w ith  anti-V '. vu ln ificus  H serum  
d ilu ted  to  1:500 ag g lu tina ted  V. vu ln ificu s  ce lls  su sp e n d ed  in 
T E T  bu ffer w ithin 60 s . w h e reas  V. vu ln ificu s  ce lls  su s ­
p ended  in fo rm alin ized  P B S w ere  ag g lu tina ted  in th e  sam e 
tim e in terval only  by 5 . a u reu s  ce lls  a rm ed  w ith  u n d ilu ted  H 
an tise ru m  (T ab le 3). T h ese  findings re in fo rc e  th e  suppo sitio n  
tha t T E T  buffer m ay ex p o se  H  d e te rm in a n ts  w hich  are 
m asked  by sh ea th  p ro te in  w hen  the  ce lls  a re  su sp e n d ed  in 
PB S . It is tem p ting  to  suggest tha t T E T  buffer tre a tm e n t m ay 
libera te  o u te r  m em brane p ro te in s , w h ich  R ic h ard so n  and  
P ark er (12) d e lec te d  in m otile  s tra in s  o f  V'. ch o lera e . T h e se  
p ro te in s  exh ib ited  sero log ica l s im ilarity  to  H- c o re  p ro te in s . 
T h e  sero log ical sensitiv ity  o f  the  co ag g lu tin a tio n  reac tion  
w as sim ilarly  en h a n ced  fo r  the  an ti-V . cho lerae  and  V. 
pa ra h a em o ly ticu s  H  reag e n ts  w hen  iso la tes  u n d e r  te st w ere 
su sp en d ed  in T E T  buffer fo r  1 and  24 h a f te r  su sp en sio n .
In light o f  the  ex p re s s io n  o f  pub lic , non -spec ies-spec ific  
a n tig en s  by  som e v ib r io s , th e  q u e s tio n  o f  se ro lo g ica l 
specficity  in the  co a g g lu tina tion  te s t w as ex a m in ed . T h e  21 
Vibrio  sp ec ies  identified  in T ab le  4 w ere  p ro p ag a ted  and 
su sp en d ed  in T E T  buffer fo r 24 h. E ach  iso la te  w as te s te d  by
T A B L E  3 . T i t r a t i o n  o f  a n t i - V .  v u ln i f i c u s  H  s e r u m  b y  c o a g g l u t i n a t i o n  w i th  V . v u ln i f i c u s  c e l l s  s u s p e n d e d  in  f o r m a l i n i z e d  P B S
a n d  T E T  b u f f e r
-a%pen-ion
-oki t ion
S u s p e n s i o n  
t ime (hi
Ag gl u t ina t ion  t ime  for  5 .  aureus ce l ls  a r m e d  wi th  d i lu t io ns  o f  an t i - H '1
undi lu te d 1:10 1:100 1:500 1 :1.0(H) 1.2.5(H) 1:5 .(XX) 1:10.000 u n a rm e d
F - P B S ' 1 1 ♦ 0 0 0 0 0 0 0
I E  I 1 t-  ~ + + +  + 4. *. 4- 4- —• — 4- 4- 0 0
E - P B S 24 + -  ■*■ 4- 4- 0 0 0 0 0 0 0
T F . T 24 ^  -H * +  T  - + - * 0 0
Agglut ina t ion  reac tion- , w e r e  e x a m in e d  an d  sc or e d  to  ind ic a ie  agglu t ina t io n  a t 1 min  or  l ess  i . 1 to  2 m m  i -  i. o r  2 to  3 m m  i «■).
F-P H S.  n  F o r m a l in iz e d  P B S  ip H  "  3).
T E T .  0.1 M 7 n s  bu f f e r  c on ta in i n g  <U m.M E D T A .  1.0°? Tr i to n  X-JOO, a n d  O.OOT'r th im er oso l .
V o l . 52, i m R A P ID  ID E N T IF IC A T IO N  Of- V. V b L M F I C U S
T A B L E  4 ,  H  a n t i g e n  r e l a t i o n s h i p s  a m o n g  2 ]  V ib r io  s p p .  e x a m i n e d  b y  c o a g g l u i i n a t i o n  w i t h  S . a u r e u s  c e l l s  a r m e d  w i t h  v a r i o u s
d i l u t i o n s  o f  a n t i - H  s c r u m
S u s p e n s i o n ’'
f o n g g l u i i n n i i o n  m e t  in ar .: i-H ra is ed  a?.»:ns:.
V. t k o t a m V. i m m i n n  \  - I llliufh .IX \  P 'uahiicfU 'h  m  u\
V.  c lu ilc r a c 5 . 0 0 0 2 . 5 0 0 0 0
V.  m im ic u s 5 . 0 0 0 2 . 5 0 0 0 0
V .  f iu v io l is 5 0 0 1 0 0 0 0
V .  m c ts c h n ik o v i i 100 1 0 0 0 0
\ o n i . 'u i l l a n u i i 5 0 0 10 0 11 (1
l \  o r J a li i 10 0 10 0 0 0
V.  p r o te o ly t ic u s 50 10 0 (I
V.  v u ln ific u s 0 0 5 . 0 0 0 0
V. p c la fj iu s 0 0 5 0 n
t  p a r a h a c n io ly t ic u s 0 0 0 1 . 0 0 0
V. a liu ’n o ly i ic n s 0 0 0 5 0
V. n a ir ic g c n s 0 0 0 5 0
V . t  o m p b c ll i i 0 0 0 50
V . h o r v c v i 0 0 0 100
V. c a ic /u i iu ic 0 0 0 100
" O rganism s w e re  s u sp e n d e d  fur  24 h  in  T E T  lO .l M  T ris  b u ffe r conta in ing  0.1 n iM  E D T A . 1 O'”  T r a r r  X-10»'. 0 .00  ; r '- rr ;n -.e io‘ o!i Flocr. .v : r c  f .•Having \ 'ihr'„> 
sp p . w a s  also tc s ie d  a n d  d id  not a e c lu tina ic . \ tiu in> > l.:. V. W  J i,i:» h ,> p h ic ii\ \ t : u h c n .  V a n d  r:-j<ipi,l, h n n t. i i  .
coagg iu tin a lio n  w ith  S. a u reu s  ce lls  a rm ed  w ith vario u s  
d ilu tions  o f  an ti-V . vuln ificus. - V. c lu ilc ra c . -V. m im ic u s . o r  
•V. p a ra h a cn io ly ticu s  H se ru m . T h e  an ti-V . c h o lcra c  H 
co ag g iu tin a lio n  reagen t agg lu tin a ted  six h e te ro lo g o u s  V ibrio  
sp ec ies , e a ch  p rev io u sly  rep o rted  (2. 15, 20. 21) to e x p re s s  H 
d e te rm in a n ts  in com m on  w ith  V . ch o lc ra c . W ith  the  e x c e p ­
tion o f  V. m im ic u s . th e  o th e r  five h e te ro lo g o u s  Vibrio  
sp ec ies  w ere  not agg lu tina ted  in op tim al d ilu tions  o f  the 
an ti-H  se ru m  (T ab le  4). A 1:10 d ilu tio n  o f  an ii-V . c h o lcra c  H 
serum  w as  ab so rb e d  w ith F o rm alin -k illed  \ \  flu v ia lis  ce ils  
fixed to  S . a u reu s  ce lls  and  w as th e n  re te s te d  by coagg lu ti- 
na tion  w ith  T E T  su sp e n sio n s  o f  th o se  V ibrio  spp . w hich  
ag g lu tina ted  p rev io u sly . T he ab so rb e d  sero log ica l reag e n t 
agg lu tin a ted  V’. cho lcrac  and  V. m im ic u s  ce lls  on ly . In  a 
sim ilia r fa sh io n , th e  anti-1 ', vu ln ificu s  co ag g lu tin a tio n  H 
reagen t cou ld  be ren d ere d  sp ec ie s  specific  if the  an tisc ru m  
w as ab so rb e d  w ith m otile  V. p c la p iu s  ce lls  b e fo re  the a rm ing  
o f  the  S . a u reu s  ce lls . L ik e w ise , th e  an ti-V . p a ra h a c -  
m oly ticu s  H reag en t w ould no  lo n g e r h a v e  agg lu tin a ted  the  
five h e te ro lo g o u s  Vibrio  sp ec ies  iden tified  in T ab le  4 if the 
a n tis c ru m  had  b ee n  a b so rb ed  w ith  V. co m p b e llii ce lls .
S h inoda  ct al. (14. 15. 17. 18) re p o rte d  in a se rie s  o f 
in v e stig a tio n s  tha t the  la te ra l, n o n sh e a th e d  flagella (H L ). 
w h ich  a re  p ro d u ced  by a lim ited  n u m b e r o f  Vibrio  sp p .. 
ex p re ss  H an tig en s  w hich  a re  n o t re la te d  sero lo g ica lly  to  the 
p o la r H an tig en s  o f  th o se  sp e c ie s . T h e y  a lso  rep o rted  (18) 
tha t an ti-H L  se ru m  ra ised  in ra b b its  im m u n iz ed  w ith  la te ra l 
flagella tha t w ere  sep a ra ted  fro m  I ’, p a ra h a c n io ly tic u s  ag ­
g lu tin a tes  th is  \ ihrio  by a d ire c t im m une  s lide  te st in 1 o r  2 
m in. T h e ir  s tu d ie s  rev ea led  th a t a t le as t th re e  sero log ica lly  
un ique  H L  se ro ty p e s  ex ist fo r  V. p a ra h a c n io ly tic u s . and  
th e ir  su rv e y s  sh o w e d  excellen t a g ree m en t b e tw e en  s e ro lo g ­
ical and  b ac te rio lo g ica l id en tif ica tio n  w h en  th e y  ex am in ed  
192 m arine  an d  clin ica l V. p a r a h a c n io ly tic u s  iso la te s . In ra re  
in s ta n c e s , m arine  iso la tes  p o s itiv e  fo r O -n itrophenv l-0 -D - 
g a lac to p y ra n o sid e  w ere  ag g lu tin a ted  in an ti-V . p a r a h a e m o • 
ly tic u s  H L  sc ru m , w h ereas  an  o c c a s io n a l iso la te  iden tified  
b ac te rio lo g ica lly  a s  V. p a ra h a c n io ly tic u s  fa iled  to  ag g lu ti­
n a te . W ith  re sp ec t to  the  la tte r  finding . S h in o d a  ct al. (18) 
co n c lu d ed  th a t th e se  iso la tes  w e re  n o t V. p o r a h a e m o ly t ic u s . 
s ince  th e y  failed  to  agg lu tina te  in an ti-1 ', p a ra h a c n io ly tic u s  
O -ty p in g  se ru m . A lte rn a tiv e ly , it cou ld  b e  re a so n ed  tha t 
th e se  nonag g lu tin a tin g  iso la tes  m ay  c o n s ti tu te  a fou rth  H L
se rm y p e . a p roposition  tha t w as not add ressed  in the ir 
rep o rt. R elevan t to  the  sero log ica l finding*- o f S h inoda et al. 
(18). a sm all num ber o f V ibrio  iso la tes  en c o u n te red  in our 
sero lo g ica l su rv ey  w hich  w ere  identified  bacteriological!;, as 
V. p n ra h a e in o ly ticu s  failed to agg lu tina te  'T ab le  1 and  2) in 
the  re le v a n t H co a g g lu tina tion  reag en t, w h ereas  iso late 
p o s itr . e fo r o -n u ro p h en y l-p -D -g a lac io p y ra n o sid e  and  id e n ti­
fied a s  V. vulnificus  (T ab le  2» agg lu tina ted  in the  anti-V . 
p a ia h a c m o ly tic u s  H reag e n t. It is in te res tin g  tha t the tw o 
o -n iiro p h en y l-p -D -g a la c to p y ran o s id e - and  ia c to se -positive  
iso la te s  w hich  S h inoda  (18) rep o rted  to  be agg lu tina ted  in 
anti-V*. p a ra h a cn io ly ticu s  H L  serum  w ere  identified b a c te r i­
o log ica lly  as  V. vuln ificus  and  w ere  show n  :o p roduce  la teral 
flagella. s tru c tu re s  tha t th is Vihrio  species  has not been  
rep o rted  to  exp ress .
in  o u r  inv estig a tio n , the  m ethod  o f  T ang  et a!. (23i w as 
u sed  to  iso la te  the  H co re s  from  V. p a ra h a cn io ly ticu s . and  it 
is qu ite  possib le  tha t th e se  p rep a ra tio n s  con ta ined  bo th  
la tera l and  polar H co re s . A*- a resu lt, th e  a r tis e ru m  used  in 
o u r  su rv e y s  p o sse ssed  bo th  a r.tipo la r and  -iateraf H activ it ;,. 
a s itu a tio n  w hich rem ains to  be clarified  m our sero logical 
sy s tem . W e chose  to  use an :i-p o la r H scrum  fo r a n um ber o f 
rea so n s . F irst all Vibrio  species  tha t we have exam ined  
se ro log ica lly  thus far. w ith  the ex cep tio n  of V. m im icu s . 
ex p re ss  species-spec ific  H an tigens on the po lar flaecllum . 
w h e reas  on ly  six o r  seven  V ib r io  sp ec ies , w hich inc lude the 
hum an  path o g en s  V*. a lg in o iy ticu s . V. fiu v io lis . and  \ . 
p a ra h a cn io ly ticu s .  p ro d u ce  iatera! flagella. S eco n d , v ibrios 
p ro d u c e  th e  po la r flagellum  un d er m ost cu ltu ra l co n d itio n s , 
w h ereas  la teral flagella a re  p ro d u ced  on ly  w hen the  o rg an ­
ism s a re  p ro p ag a ted  on  an aga r s u b s tra te . S h inoda et al. (18) 
reco m m en d e d  tha t th o se  iso la te s  to  be te sted  sero log ica lly  
w ith a n ti-H L  scrum  sh o u ld  be g row n  on  m odified m arine 
o x id a tiv e  fe rm en ta tiv e  ag a r, s ince  m an y  iso la tes  they  ex a m ­
ined failed  to  p ro d u ce  la tera l flagella w hen  p ropagated  on 
nu trien t ag a r o r b ra in  h ea rt in fusion  a g a r  su p p lem en ted  w ith 
35? N aC I. In ad d itio n , th e y  reco m m en d e d  that the iso la te  
u n d e r te s t be in c u b a ted  at 25SC for no  longer than  20 h to  
e n su re  op tim al la te ra l flagella p ro d u c tio n . T h ird , the  la tera l 
flagella a rc  read ily  sep a ra te d  from  th e  cell body by hand 
sh ak in g , o n ce  th e  o rg an ism s  a re  su sp en d ed  in buffer, and 
d e ta c h e d  flagella la ck  sufficient m ass  to  lead  to  the d e v e lo p ­
m ent o f  a d isce rn ib le  im m une agg rega te  in the p re sen ce  o f
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an tise ru m  a lone . It w as  such  an  ev e n t w hich  p robab ly  
p ro m p ted  S h in o d a  et a l. 117) to  reso rt to  the  tu b e  flocculation  
te st w hen  they  ex am in ed  the  u tility  o f  an ti-H L  serum  raised  
in rab b its  to  V. flu v ia lis  to  as se s s  se ro log ica lly  the  species 
specific ity  o f  th is  reag en t. T he p a rticu la te  coagg lu tina tion  
reagen t arm ed  w ith  species-spec ific  po la r ( i.e .. H ) o r  la teral 
( i.e ., H L ) an tib o d y  shou ld  c ircu m v en t m ost o f  the  o b stac les  
en c o u n te re d  during  ex am ination  o f  V ibrio  spp . by the  d irect 
im m une agg lu tina tion  slide te s t , s ince  d e ta c h e d  flagella 
shou ld  be agg lu tina ted  as  read ily  a s  H  cells.
N ish ibuch i and  S e id le r (10. 11) rece n tly  desc rib ed  a  
m icro im m unod iffu sion  te s t w hich  c o rrec tly  identified su ­
c ro se-n eg a tiv e  co lon ies  such  as V’. vuln ificus  w ith in  10 to  20 
h a fte r  being  p icked  from  th e  iso la tion  m edium . T h e ir  sy stem  
used  an tise ru m  ra ised  aga inst an  ap p a re n t species-spec ific  
an tigen  p re sen t in the  su p e rn a tan t fluid o f  so n ica ted  V’. 
vuln ificus  ce lls . T he re su ltan t an tise ru m  fo rm ed  lines o f  
iden tity  w ith  d is tilled -w a te r ly sa tes  o f  78 V. vu ln ificus  iso ­
la tes th a t they  ex am in ed . H e te ro lo g o u s  V ibrio . A e ro m o n a s , 
and  P seu d o m o n a s  spp . failed  to  p ro d u ce  p rec ip itin  lines w ith 
th e  an ti-V . vulnificus  se ru m . S uperfic ial in sp ec tio n  o f  th e ir  
species-spec ific  an tigen  suggests  it is no t re la ted  to  the  H 
co re  an tig en s , b ecau se  th e ir  an tise ru m  did n o t agglu tina te  
w hole-ce ll su sp e n sio n s  o f  V. vu ln ificus.
S ta p h y lo co cc u s  ce lls a rm ed  w ith  species-spec ific  an ti-H  
an tib o d y  o ffer sev era l ad v a n tag es  fo r rap id  iden tifica tion  o f  
V. vu ln ificus  iso la tes  o v e r the  use o f  an ti-H  se ru m  alone. 
E ith e r  the  an ti-H  serum  fa ils , w hen  m ixed on  a  g lass su rface  
w ith the  V ibrio  cell su sp en sio n  u n d e r te s t , to  p ro d u ce  a 
d isce rn ib le  agg lu tina tion  reac tio n , o r  th e  ev e n t is de layed , 
g iving rise  to  m inu te  triv ia l p a tte rn s . T o  v isualize  H  agglu­
tina tion  by the  d irec t im m une ap p ro a c h , the  flagella m ust 
rem ain  a tta ch e d  to  the  b ac teria l ce ll bo d y , th e  la tte r  p ro v id ­
ing the  m ass w hich  c o n trib u te s  to  p ercep tib le  clum ping. In 
the  coagg lu tina tion  reac tio n . (5 . a u reu s  th e  c a rr ie r  partic le  
bearing  the  an ti-H  an tib o d y ) p ro v id es  th e  m a ss , and  the 
an tigen  in q u es tio n  co n seq u en tly  need  n o t be p a rticu la te ; as 
a re su lt, th e  H coagg lu tina tion  reagen t p ro d u ces  visible 
im m une agg rega tes w ith  d e tach ed  o r  a t ta c h e d  flagella. In 
ad d itio n , the  Vibrio  sp. un d er te s t can  be tre a te d  to  expose  
the  c o re -a sso c ia te d  H d e te rm in an ts  w ithou t regard  to  the 
fate  o f  the  V ibrio  cell. T h e  H  coagg iu tina lion  reag e n ts  can  be 
s to red  a t 4^C fo r at least 6 m o n th s  w ith  no d e te c ta b le  loss in 
reac tiv ity  o r  spec ific ity . M ost im p o rta n tly , the  anti-V ’. 
vuln ificus  H  reagen t c o rrec tly  identified  432 (9 9 .3 # )  o f  435 
iso la tes  d e te rm in ed  bac terio log ica lly  to  be V'. vulnificus.
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CHAPTER II Coagglutination of Vibrio cholerae. 
Vibrio mimicus. and Vibrio vulnificus 
with anti-flagellar monoclonal antibody.
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Coagglutination o f Vibrio ch olerae , Vibrio m im icus , and Vibrio 
vulnificus with Anti-Flagellar M onoclonal Antibody
JA N E T  G . S IM O N S O N  a n d  R. J . S IE B E L IN G *
D ep a r tm en t o f  M ic ro b io lo g y . L o u is ia n a  S ta te  U niversity , B a to n  R o u g e . L o u is ia n a  70803 
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M onoclonal an tibodies (M A bs) w ith serological ac tiv ity  fo r purified  flagellar (H) co re  p ro te in  p rep are d  from  
Vibrio cholerae  w ere identified b \ enzym e-linked  im m unoso rben t assay . F o u r o f these  M A bs reac ted  w ith the 
flagella o f  V. cholerae an d  V. m im icus exclusively, w hile eight M A bs reac ted  w ith at least 1 o f 30 heterologous 
Vibrio species tested  by enzym e-linked im m unoso rben t assay o r  coagg lu tination . It ap p e a rs  th a t V. cholerae 
an d  V. m im icus  express s im ila r, if  not iden tical, H d e te rm in an ts  un ique  to  these tw o Vibrio species. 
Staphylococcus aureus  cells o r  la tex beads arm ed  w ith the  fo u r species-specific M A bs coagg lu tinated  each o f 47 
isolates identified bacteriologically  as  V. cholerae o r  V'. m im icus  from  am ong  103 Vibrio isolates tested . O ne 
coagg lu tina tion  reagen t arm ed  w ith anti-V . vulnificus  H  M A b exh ib ited  species specificity in th a t only V. 
vulnificus  cells w ere coagg lu tinatcd  from  am ong  the  31 Vibrio species exam ined . T h is reagen t coagglu tinated  20 
isolates identified bacteriologically as  V . vulnificus in a  serological survey . M A b coagg lu tination  reagen ts offer 
a  ra p id , specific, an d  econom ical a lte rn a tiv e  to  the  classical bacterio logica l ap p ro ach  to  identify  the  hum an  
p athogens  V. cholerae , V'. m im icus , an d  V. vulnificus.
C oagg lu tin a tio n  re ag e n ts  a rm ed  w ith  species-spec ific  an ti- 
flagellar (H ) an tib o d y  o ffer a sensitive , specific , and  e c o n o m ­
ical ap p ro a c h  to  the  rap id  iden tification  o f  V ibrio  pa thogens. 
T h e  specificity  o f  th is sero log ica l te st is p red ica te d  on  the  
know led g e  th a t e a ch  Vibrio  p a thogen  ex am in ed  to  d a te  
e x p re s s e s  H  d e te rm in a n ts  un ique  to  th a t sp ec ie s  (1. 2. 7. 9. 
13. 1 4 .1 9 , 21-23). W e p rev io u sly  rep o rted  (19) tha t coagg lu ­
tin a tio n  rea g e n ts  b ea rin g  anti-V . vii/nifiijf.s H an tib o d y , 
p ro d u ced  in rab b its  im m unized  w ith  flagellar co re  (FC ) 
p ro te in , ag g lu tina ted  999? o f  those  b ac te ria l iso la tes  id en ti­
fied b ac te rio log ica lly  as  V. vuln ificus. T h e se  reag e n ts  did not 
agg lu tina te  an y  o f  723 en v iro n m en ta l iso la tes  identified  a s  V. 
f lu v ia l is . V. cho lerae . V. m im icu s . o r  V'. p a ra h a cn io ly ticu s .
V ibrio  ch o lera e . h o w ev e r , has sero log ica lly  d e tec ta b le  H 
d e te rm in a n ts  in com m on  w ith V. m e tsc h n ik o x ii . I ', anguil-  
la ru m . V. flu v ia lis . 1'. m im ic u s , and  V. o r d a liH l,  19. 21. 22). 
a s itu a tio n  w h ich  p rec lu d es  the  u se  o f  rabb it an ti-H  serum  to 
iden tify  V. cho lerae  sero log ica lly . C as te lla n i-P as to ris  e t al. 
(4. 18) d e sc rib ed  a d irec t-im m u n e  slide agg lu tina tion  te s t in 
w h ich  rab b it an ti-H  se ru m  agg lu tina ted  98.99? o f  1.081 V. 
cho lerae  iso la tes  ex am in ed . It w as th e ir  o b jec tiv e  to  facili­
ta te  rap id  iden tifica tion  o f  0 1  and  n o n -O l V. cho lerae  
s e ro v a rs  re c o v e re d  from  clin ical spec im en s. T h ey  d id  not 
c o n d u c t an  ex ten s iv e  sero log ica l su rv ey  to  a s se s s  the  species  
specific ity  b u t no ted  th a t V. angu illa rum  ce lls w ere  agg lu ti­
n a ted  w ith  anti-V '. cho lerae  H  se ru m . I f  p o lyc lonal anti-V'. 
cho lerae  H  se ru m  w ere  u sed  to  sc reen , sero log ica lly , su ­
c ro se -p o s itiv e  iso la te s  reco v e red  from  seafo o d  o r  en v iro n ­
m enta l sp ec im en s  in an  a ttem p t to  iden tify  the  so u rce  o f  an 
0 1  o r  n o n -O l hu m an  in fe c tio n , th e  findings m ight be  fraugh t 
w ith  n onspecific  agg lu tina tion  re a c tio n s  (19). P o lyclonal 
an ti-V . ch o lera e  H  se ru m  m ust be ab so rb e d  sequen tia lly  
w ith  m otile -ce ll p rep a ra tio n s  o f  V. a n g u illa ru m . V. m etsch -  
n ikovii. an d  V’. flu v ia lis  to  im part sp ec ie s  specificity  to  the  
an tis e ru m  (21), a  tim e-consum ing  ta sk  w hich w ou ld  h ave  to 
be rep ea ted  w ith  each  new lot o f  an tise ru m .
A lte rn a tiv e ly , co a g g lu tina tion  reag e n ts  c o a ted  w ith  an ti-H  
m onoc lonal an tib o d y  (M A b) shou ld  exh ib it the  d e s ire d  sp e­
* Corresponding a u t h o r .
c ies  specific ity . T h is  rep o rt d e sc rib e s  a co a g g lu tina tion  re ­
agent bea ring  an ti-H  M A b w hich  p o sse sse s  sero log ical a c ­
tiv ity  fo r 0 1  and  n o n -O l V. cho lerae  s e ro v a rs  e x c lu s iv e ly  
T he H  co a g g lu tina tion  reag en t p ro v id es  a rap id , sensitive , 
and  econom ica l te s t by w h ich  to  iden tify  th e se  v ib rios from  
am ong  su c ro se-p o s itiv e  iso la tes  reco v e red  from  clin ical, 
sea fo o d , and  en v iro n m en ta l spec im en s. T he findings a lso  
su p p o rt p rev io u s  re p o rts  w h ich  suggested  tha t th e  flagella of 
V. cho lerae  and  V'. m im icu s  ex p re ss  sim ilar, if  no t iden tica l. 
H  d e te rm in an ts  (19. 21. 22).
M A T E R IA L S AND M ETH O D S
F lage lla r co re  pu rifica tion . F lage lla r co re s  w ere  purified 
fro m  m otile  s tra in s  o f  e a ch  o f  the  fo llow ing V ibrio sp ec ie s  hs 
m e th o d s  d esc rib ed  p rev io u sly  (19. 24): V. cho lcrac  O gaw a 
A T C C  14035. V. vu ln ificus  A T C C  27562. V. a nguillarum  
A T C C  19264. V. d ia zo tro p h ic u s  A T C C  33466. V. flu v ia lis  
A T C C  33810. V'. n igrapu lch ritu d o  A T C C  27043. V. m e tsc h ' 
n ikovii A T C C  7708, I', orda lii A T C C  33509. V. m im iiu \  
A T C C  33653. and  V. p ro teo ly ticu s  N C M B  1326. E ach  fla­
g ellar co re  p rep a ra tio n  w as exam ined  by e lec tro n  m ic ro s­
c opy  to  d e te rm in e  p u rity . T o ta l p ro te in  d e te rm in a tio n s  w ere 
m ade on  e a ch  flagellar co re  p rep a ra tio n  b \ th e  m ethod  of 
L o w ry  et al. (8).
Im m un iza tion . B A L B /c  m ice  w ere  im m unized  at 2-w eek 
in te rv a ls  fo r 4 to  8 w eek's by in trap e rito n ea l in jec tion  o f  100 
p.g o f  purified  flagellar co re  p ro te in  o b ta in ed  from  V. c h o l­
erae  o r  V’. vu ln ificus. P r io r  to  fu s io n , th e  se ru m  anti-H  
floccu lation  ti te r  w as d e te rm in ed  (22). T h o se  m ice w hich 
ex h ib ited  e lev a te d  H ti te rs  wre re  boo sted  w ith  500 p.g o f 
flagellin . and  th e ir  sp leen  ce lls  w ere  co llec ted  4 d ay s  la ter.
H ybridom a p ro d u c tio n . T h e  p ro to c o l u sed  to  p ro m o te  
B -ce ll-m y e lo m a ce l!  fu s ion  w as m odified from  th a t d escribed  
by  O i and  H e rz e n b e rg  (10). B rie fly , sp leen  ce lls  w ere  fused  
a t a  4:1 ra tio  w ith  log -phase  Sp2/0-A g 14 no n secre fin e  
m y e lo m a ce lls . F o llow ing  fu s io n , th e  ce lls  w ere  sed im en ted  
and  su sp e n d e d  in c u ltu re  m ed ium  to  g ive  7.5 x 10'’ sp leen  
ce lls  p e r  ml. F ro m  th is  s u sp e n s io n . 0.1-m l sam p les  w ere  
d is tr ib u ted  to  each  w ell o f  a  96-w ell fla t-bo ttom  tissu e  cu ltu re  
p la te  w hich  c o n ta in ed  a B A L B /c  th y m o cy te  feed e r layer.
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H y b rid o m a s  w ere  fed  m ed ium  w h ich  c o n ta in ed  100 u.M 
h y p o x a n th in e , 4  x  10 -7  M  am in o p te r in , an d  1 .6  x  10“ M 
thy m id in e  o n  e a ch  o f  th e  first 5 d ay s  fo llow ing  fusion . 
H y b rid o m a  ce ll c u ltu re s  w ere  m ain ta in ed  a t  37°C in a  
hum idified  a tm o sp h e re  o f  5 to  7%  C 0 2 in a ir  in  R P M I 1640 
w h ich  co n ta in e d  15%  fe ta l b o v in e  se ru m , 2 m M  g lu tam ine , 
1%  n o n essen tia l am in o  a c id s , and  100 U  o f  pen icillin - 
s trep to m y c in  p e r  m l.
A nti-H  E L ISA . S u p e rn a ta n t fluid from  e a c h  w ell w hich  
c o n ta in ed  h y b rid o m as  w as s c re e n e d  b y  enzym e-linked  im ­
m u n o so rb en t a s say  (E L IS A ) fo r an ti-V . ch o lera e  H  o r  
an ti-V . vu ln ificus  H  an tib o d y  ac tiv ity . A  100-g.l sam ple  o f  the  
a p p ro p ria te  flagellar co re  p re p a ra tio n  (4 p g  o f  p ro te in  p e r  100 
p i o f  co up ling  bu ffer [5]) w as d isp en sed  in to  e a c h  w ell o f  an  
Im m ulon  II  (D y n a tec h  L a b o ra to r ie s , In c ..  A lex a n d ria , V a.) 
m ic ro tite r  p la te  an d  in c u b a ted  a t 4°C fo r  a t  le as t 18 h. 
F o llow ing  rem oval o f  co up ling  bu ffer, 200 p i o f  b lock ing  
buffer (1%  b o v in e  se ru m  alb u m in  an d  0 .02%  N a N , in p h o s­
p ha te -b u ffe red  saline) w as d e liv e red  to  e a ch  w ell. T h e  b lo ck ­
ing bu ffer w as  rem o v ed  a f te r  1 h , 50 p i o f  ce ll c u ltu re  
s u p e rn a ta n t fluid w as d isp en sed  to  e a ch  w ell, and  th e  p la tes  
w ere  in c u b a ted  a t  25°C fo r 1 h . E a ch  w ell w as  w ash ed  fo u r 
tim es w ith  a  so lu tion  w h ich  c o n ta in ed  1.5 m M  M gCI2, 2 m M  
2 -m e rcap to e th an o l, 0 .1%  b o v in e  se ru m  a lb u m in , and  0.02%  
N aN  ,  in p h o sp h a te -b u ffe red  sa lin e , an d  th e n  50 p i o f  alkaline 
p h o sp h a ta se -lab e led  g oa t an ti-m o u se  im m unog lobu lin  (K irk- 
eg a rd  and  P e rry  L a b o ra to r ie s , G a ith e rsb u rg . M d .) d ilu ted  1: 
250 in w ash ing  so lu tio n  w as a d d e d  to  e a ch  w ell. T h e  p la tes  
w ere  in c u b a ted  at 25°C fo r  1 h . and  th e  w ells  w ere  w ashed  
fo u r tim es. A  200-p l sam p le  o f  p -n itro p h en y l p h o sp h a te  a t a 
co n c en tra tio n  o f  1 m g 'm l in d ie th an o iam in e  bu ffe r (pH  9.8) 
w as ad d e d  to  e a ch  w ell an d  in c u b a ted  fo r  30 m in  a t 37“C . T h e  
reac tio n  w as s to p p ed  by  th e  ad d itio n  o f  30 p i o f  3 N  N aO H  
p e r  w ell, an d  th e  A405 w as d e te rm in ed . A n ti-H -secre tin g  
h y b rid o m as  w ere  c lo n ed  th re e  tim es by  lim iting  d ilu tion  (10).
M A b purifica tion  a n d  ch a ra c te riza tio n . F o u r-lite r  ro ller 
b o ttle s  w hich  c o n ta in ed  500 ml o f  cu ltu re  m edium  w ere  
seed ed  w ith  50 m l o f  lo g -phase  ce lls  and  in c u b a ted  fo r 2 
w eek s . A sc ite s  tu m o rs  w ere  in d u ced  in  B A L B /c  m ice 
p rim ed  w ith  2 ,6 ,1 0 .1 4 -te tram e th y lp e n tad e can e  10 an d  3 d ay s  
befo re  the  in trap erito n ea! in jec tion  o f  107 hyb rid o m a cells . 
A sc ite s  fluid w as c o llec ted  from  e a ch  m o u se  1 to  2 w eeks  
fo llow ing h y b rid o m a cell in jec tion . A sc ite s  a n d  cel! cu ltu re  
s u p e rn a ta n t fluids w ere  c larified  by ce n trifu g a tio n , an d  the 
im m unoglobu lin  f rac tio n  w as p rec ip ita ted  by th e  add itio n  o f  
an  eq u a l vo lum e o f  s a tu ra te d  (N H 4)2S 0 4 so lu tion  (pH  7.0). 
F o llow ing  d ia ly s is , im m unog lobu lin  M (IgM ) M A bs w ere  
purified  by S ep h ad ex  G -200 filtration  in  0 .5  M N aC I an d  0.05 
M T ris  h y d ro ch lo rid e  (p H  7.8). M A bs o f  the  IgG  c la s s  w ere  
purified  by affinity  ch ro m a to g ra p h y  o n  p ro te in  A -S ep h aro se  
(S igm a C hem ica l C o ., S t. L o u is , M o.). M A bs w ere  iso ty p ed  
by E L IS A  w ith  a  d o u b le -an tib o d y  d e te c tio n  sy stem  (H y- 
c lo n e  L a b o ra to r ie s , L o g a n . U tah ). T w ofo ld  d ilu tio n s  o f  each  
o f  th e  13 M A bs s ta rtin g  a t 100 pg /m l w ere  te s te d  against 
h om ologous and  h e te ro lo g o u s  flagellar c o re  p ro te in s  by 
E L IS A . M A b d ilu tio n s  w h ich  ex h ib ite d  an  4 ^ ,  o f  0 .2  o r  less 
w ere  c o n s id e red  nega tive .
P rep a ra tio n  o f  an ti-H  M A b coagg lu tination  reagen ts . IgG 
M A bs w ere  fixed to  F o rm alin -k illed  S ta p h y lo c o c c u s  aureus  
C ow an  1 A T C C  12598 ce lls  by m ix ing  0 .5  ml o f  (N H 4),SO „- 
frac tio n a ted  ce ll cu ltu re  fluid w ith  0 .5  ml o f  a  10% su sp e n ­
s ion  (vol/vol) o f  p rep a re d  S ta p h y lo c o c c u s  c e lls  (6, 19). IgM 
M A bs w ere  fixed to  0 .8 -p m  unm odified  la tex  b ea d s  (S igm a). 
T h e  la tex  p a rtic les  w ere  w ash ed  th re e  tim es in  saline w hich  
c o n ta in ed  0.1 M g lyc ine an d  0 .1%  N a N , (g lycine-buffered  
sa lin e . pH  8.2). F o llow ing  the  la st w ash  s te p , a  5%  la tex
su sp e n sio n  in g lyc ine-bu ffered  saline w as  p re p a re d . A  100- 
to  150-p.g sam p le  o f  IgM  M A b d ilu ted  in g lyc ine-bu ffered  
sa line  m ixed  w ith  an  eq u a l vo lum e o f  la tex  b e a d s  w as 
in c u b a ted  a t 37°C fo r  2 h , s e d im e n te d a t 1,500 x  g  fo r  15 m in , 
and  su sp e n d ed  in 1 v o lu m e o f  0 .1%  b o v in e  se ru m  a lbum in  in 
g lyc ine-bu ffered  saline.
C oagg lu tina tion . E a ch  V ibrio  iso la te  to  be te s te d  by  co a g ­
g lu tin a tio n  w as p ro p ag a ted  o n  m odified a lk a lin e -p ep to n e  
a g a r  s lan ts  (1%  p e p to n e , 2%  N aC I. 0 .4%  K C I, 0 .4%  
M gCI2 6 H 20 , 0 .2%  y e a s t e x t ra c t,  1.5%  ag a r  [pH  7 .4  to  7.8]) 
fo r 24 to  48 h a t  30”C . T h e  ce lls  w ere  h a rv e s te d  in 1 to  2 ml 
o f  0.1 M  T ris  bu ffer (pH  7 .8) con ta in in g  0 .1  m M  E D T A , 1% 
T rito n  X -100, an d  0 .001%  th im ero sa l (T E T  buffer) (19). E a ch  
an ti-H  M A b coagg lu tin a tio n  reag e n t w as te s te d  by  slide 
agg lu tina tion  ag a in s t T E T  b u ffe r su sp e n sio n s  o f  31 V ibrio  
sp ec ies . In  ad d itio n  to  th e  V ibrio  sp ec ies  u sed  fo r flagellar 
c o re  p u rifica tion , th e  fo llow ing  V ibrio  sp ec ie s  w ere  te s ted : 
V. a e s tu a r ia n u s  A T C C  35048, V. a lg in o ly ticu s  A T C C  33787, 
V. c a m p b e llii A T C C  25920, V. carch a ria e  A T C C  35084, V. 
c in c in n a tien s is  A T C C  35912, V. c o s lico la  N C M B  701. V. 
d a m se la  A T C C  35083, V .f is c h e r i  N C M B  1281, V .fu r n i s s i i  
A T C C  35016, V. g a zo g e n e s  A T C C  29980, V. h a rvey i N C M B  
1280, V. ho llisae  A T C C  33564, V. log e i A T C C  29985, V. 
m ed iterra n e i A T C C  43341, V. n a tr ieg en s  A T C C  14048. V. 
n ereis  A T C C  25917, V. orien ta lis  A T C C  33934. V. p e la g iu s  
I A T C C  25916, V. p a ra h a e m o ly tic u s  A T C C  10136, V. sp len- 
d idus  I A T C C  33125, V. sp len d id u s  II A T C C  25914, and  V. 
tu b ia sh ii A T C C  19106.
B oth  clin ica l and  en v iro n m en ta l s tra in s  o f  V. cho lerae  O l  
an d  n o n -O l se ro v a rs , V. m im ic u s . V. p a r a h a e m o ly tic u s . and  
V. vu ln ificus  w ere  p ro v id e d  b y  L yn e lle  F o rd  (D ep a rtm en t o f  
H ea lth  an d  H u m an  R e s o u ic e s , S ta te  o f  L o u isian a). C u ltu res  
o f  V. a ngu illa rum  and  V. o rda lii w ere  sen t to  u s  by  G . L . 
B u lloch  (N ational F ish e r ie s  R esea rc h  L a b o ra to ry . K ear- 
n ey sv ille , W .V a .) . and  th e  V. flu v ia lis  iso la tes  u sed  w ere  
p a r t o f  a  co llec tion  m ain ta in ed  in the  D ep a rtm en t o f  M icro ­
b io logy . L o u isian a  S ta te  U n iv ers ity .
R ESU LTS A N D  D ISCU SSIO N
S erological ch a ra c te riza tio n  o f  M A bs. T h ir te e n  hyb rid o m as 
sec re tin g  an tib o d ie s  specific  fo r FC  p ro te in  w ere  se lec ted  
and  e s ta b lish ed . T w elv e  hyb rid o m as o b ta in ed  from  one 
fusion  ex p e rim en t s e c re te d  M A bs w hich  re a c te d , by E L IS A , 
w ith  V. cho lerae  c o re  p ro te in . T w o  o f  th e se  c lo n e s . 1F4 and  
3F 4. sec re te d  IgM  M A b. a s  d id  c lone  G 7 o b ta in ed  from  a 
second  fusion  e x p e rim en t in w hich  sp lee n -ce ll-d o n o r m ice 
w ere  im m un ized  w ith  V. vu ln ificus  F C . T h e  rem ain ing  10 
M A bs w ere  iso ty p e d  a s  e i th e r  IgG2 o r  lgG 3.
E a ch  o f  the  13 M A bs w as  te s ted  by  E L IS A  aga in st FC  
p rep a re d  from  six h e te ro lo g o u s  V ibrio  sp ec ies  rep o rted  to  
sh a re  H  d e te rm in an ts  w ith  V. cho lerae  (1 . 19, 21. 22) and  
from  tw o  sp ec ies , V. d ia zo tro p h ic u s  a n d  V. n igra p u lch ri­
tu d o . w h ich  agg lu tina ted  w ith  an ti-V . ch o lera e  p o lyc lonal H  
co a g g lu tina tion  reag e n ts  in  p re lim inary  ex p e rim e n ts . S ix 
an ti-V . cho lerae  H M A bs re a c te d  w ith th e  F C  o f  V. cho lerae  
and  V. m im icu s  ex c lu s iv e ly  (T ab le  1), w h ich  s u p p o rts  ev i­
d en ce  th a t th e se  tw o  v ib rio s  e x p re ss  s im ila r, if  no t id e n tic a l. 
H  d e te rm in a n ts  (1 9 .2 2 ). T w o  o f  th e se  M A bs, lA lO a n d  2B1, 
p ro d u ced  iden tica l E L IS A  ti te rs  w ith  F C  p ro te in  p rep a re d  
from  bo th  V. cho lerae  an d  V. m im icu s . w h ile  fo u r  o th e r  
M A bs re a c te d  at h ig h e r ti te rs  w ith  V'. cho lerae  flagellar 
p ro te in  (T ab le 1). T h e  d isp a r ity  in ti te rs  d isp la y ed  by  the  
la tte r  fo u r  M A bs suggests  th a t th e y  m ay reco g n ize  a  seco n d  
ep ito p e  p re se n t in lo w er co n c e n tra tio n  o r  a re  n o t se ro lo g i­
ca lly  a c cess ib le  on  V. m im ic u s  F C . C o m p e titio n  ex p e ri­
S I M O N S O N  A N D  S I E B E L IN G J. C l i n . M i c r o b i o l
T A B L E  1 . H - a n t i g e n  r e l a t i o n s h i p s  a m o n g  f la g e l l a r  c o r e  p r o t e i n s  p r e p a r e d  f r o m  V i b r i o  s p e c i e s  e x a m i n e d  b y  E L I S A  w i th  
a n t i -V '.  c h o l e r a e  H  a n d  a n t i - V .  v u l n i f i c u s  H  M A b s
T ite r  fo r a n ti-H  M A b*:
S p e c ie s "  ---------- -----------------——  ..................................... ..... ........... ..................... —    ------ ----------------------- --------
2A 10 2B1 4 c n i f : 1D6 1C5 3G 9 3G4 1F6 3F 4 3D 6 1F4 G7
V . c h o l e r a e 4 0 0 2 ,5 6 0 1 ,6 0 0 1 ,6 0 0 8 0 0 8 0 0 4 0 0 1 ,6 0 0 1 ,6 0 0 16 0 4 0 0 4 0 0
V .  m i m i c u s 4 0 0 2 ,5 6 0 1 .2 8 0 1 ,2 8 0 3 2 0 1 6 0 4 0 0 1 ,6 0 0 1 ,6 0 0 3 2 0 4 0 0 4 0 0
V .  p r o t e o l y t i c u s 0 0 0 0 0 0 10 1 ,2 8 0 0 1 6 0 3 2 0 4 0 0
V .  o r d a l i i 0 0 0 0 0 0 0 0 1 6 0 1 6 0 6 4 0 0 0
V .  d i a z o t r o p h i c u s 0 0 0 0 0 0 0 0 1 6 0 1 6 0 6 4 0 4 0 0
V . a n g u i l l a r u m 0 0 0 0 0 0 0 0 0 0 3 2 0 8 0 0
V .  f l u v i a l i s 0 0 0 0 0 0 0 0 0 0 1 6 0 0 0
V .  n i g r a p u l c h r i t u d o 0 0 0 0 0 0 0 0 0 0 0 4 0 0
V .  m e t s c h n i k o v i i 0 0 0 0 0 0 0 0 0 0 0 0 0
V .  v u l n i f i c u s 0 0 0 0 0 0 0 0 0 0 0 0 32 0
■ 4  fig  o f  f lag e lla r c o re  p ro te in  fro m  e a c h  s p e c ie s  w a s  a d d e d  to  w ells o f  e a c h  E L IS A  p la te .
* G re a te s t  d ilu tio n  o f  M A b . s ta r tin g  w ith  100 o f  M A b  in  w ell 1. w h ich  g a v e  A*o< re a d in g  o f  0 .2  o r  g r e a te r  in  th re e  s e p a ra te  e x p e r im e n ts . A ll M A b s w ere 
a n ti-V . c h o le ra e  H  e x c e p t fo r  G 7 . w h ic h  w as  a n ti-V . vu ln ificu s  H . C lo n e  G 7  w a s  g e n e ra te d  a n d  e s ta b lish e d  fro m  a  fu s io n  e x p e r im e n t fro m  m ice im m u n iz e d  w ith 
f la g e lla r  c o re  p ro te in s  p re p a re d  fro m  V. vu ln ificu s .
m e n ts  w ould  rev ea l the m in im um  n u m b e r o f  species-spec ific  
H  d e te rm in a n ts  ex p re ssed  on  V. cho lerae  a n d  V. m im icus  
flagella.
S ix  anti-V . cho lerae  H  M A bs reac ted  w ith  F C  o f  e ith e r 
o n e , tw o , th re e , o r  five h e te ro lo g o u s  V ibrio  sp ec ies  in 
ad d itio n  to  F C  o f  th e  h om ologous vacc in e  s tra in  (T ab le 1). 
P re d ic a te d  on th e  sero log ical findings o f  p rev io u s  investiga­
tio n s , it w as an tic ip a ted  th a t M A bs w hich  re a c te d  w ith  the 
flagella o f  V'. ang u illa ru m , V. d ia zo tro p h ic u s , V , flu v ia lis . V. 
m etsc h n ik o v ii .  V. ordalii, an d  V. p ro te o ly tic u s  w ould  be 
iden tified . W ith  th e  ex cep tio n  o f  V. m e tsc h n ik o v ii  M A b . the 
six  M A b s reac ted  in d iffe ren t co m b in a tio n s  w ith  th e  FC  
p rep a re d  from  th e se  v ib rio s. C lone G 7 (T ab le  1) p ro d u ced  
M A b specific fo r  an  H  an tigen  exh ib ited  on the  flagella o f  V. 
vu ln ificus.
C oagglu tina tion  reac tions. T h e  p rim ary  o b je c tiv e  o f  th is 
investig a tio n  w as to  p re p a re  H  coagg iu tin a tio n  reagen ts  
w hich  w ould  agg lu tina te  and  iden tify  V'. ch o lera e  from  
am o n g  su c ro se -p o s itiv e  c o lo n ie s  se le c ted  fro m  th iosu lfa te - 
c itra te -b ile  sa lts-su c ro se  (T C B S )a g a r . A lthough  V. m im icu s
ap p e a rs  to  ex p re ss  the  H  d e te rm in an ts  in com m on  w ith  V. 
c h o le ra e . it is su c ro se  n ega tive  o n  T C B S . C oagg lu tina tion  
reag e n ts  p rep a re d  w ith  each  o f  th e  six  V. cho lerae-  an d  V. 
m /m /rw 5-specific an ti-H  M A bs w e re  te s te d  aga in st T E T  
su sp en sio n s  o f  31 V ibrio  sp ec ie s  (T ab le  2). M A b 1F2 agg lu ­
tin a ted  V'. ch o lera e  and  V. m im ic u s  ce lls  w ith in  30 s. w hile 
th re e  o th e r  reag e n ts  ag g lu tina ted  T E T  su sp e n sio n s  o f  the 
tw o  v ib rios in 1 to  3 m in . T w o  rea g e n ts . M A bs 4C11 and 
1C5, a lso  ag g lu tina ted  V. o rda lii c e lls , a  resu lt n o t p red ic ted  
by F C  E L IS A  findings.
W ith  a  few  e x c e p tio n s , e a ch  o f  th e  six  M A bs w hich  
d isp layed  h e te ro lo g o u s  ac tiv ity  in th e  F C  E L IS A  coagg lu ti­
n a ted  w hole-ce ll T E T  su sp e n sio n s  o f  each  o f  the  six v ibrios 
d e sc rib ed  ab o v e  (T ab les  1 an d  2). M A bs 3G 9 and  3D 6 each  
failed  to  co agg lu tina te  o n e  h e te ro lo g o u s  V ibrio  sp . th a t FC  
E L IS A  findings p red ic ted  shou ld  be co ag g lu tin a ted , w hile 
M A bs lF 6 a n d  3F4 each  ag g lu tina ted  o n e  Vibrio  sp . th a t w as 
n ega tive  in  th e  F C  E L IS A . M A b 1F 4 , w h ich  reac ted  w ith  the 
F C  o f  six  Vibrio  sp p . in E L IS A  (T ab le  11. failed  to  coagg lu ­
tin a te  w hole-ce ll su sp e n sio n s  o f  th e se  v ib rios (T ab le 2).
T A B L E  2 .  H - a n t i g e n  r e l a t i o n s h i p s  a m o n g  V ib r io  s p e c i e s  e x a m i n e d  s e r o l o g i c a l l y  b y  c o a g g l u t i n a t i o n  w i th  5 .  a u r e u s  c e l l s  o r  l a t e x  b e a d s  
a r m e d  w i t h  a n t i - V .  c h o l e r a e  H  a n d  a n t i -V '.  v u ln i f ic u s  H  M A b s
A g g lu tin a tio n  re a c tio n  fo r a n ti-H  M A b*:
1A10 2B1 4C11 i f : 1D6 1C5 3G 9 3G4 1F6 3F 4 3D 6 1F4 1
V . c h o l e r a e 4 4 4 -f 4  4  -f 4 4  + 4  + 4 4 4 +  + 4 4 4 4 4 4 4 4 4 * 4 0 0
V'. m i m i c u s 4 4 4 4 4 4 4 +  +  + 4 + + 4 4 4 4 4 4  + +  •»■ + 4 4 4 0 0
V . p r o t e o l y t i c u s 0 0 0 0 0 0 0 4 4 4 4 4 4 4 4 4- f 0 0
V .  o r d a l i i 0 0 4 0 0 + 0 0 +  + 4 + 4 4 0 0
V .  d i a z o t r o p h i c u s 0 0 4 0 0 0 0 0 4 4 f  +  + 4  4 0 0
V .  a n g u i l l a r u m 0 0 0 0 0 0 0 0 0 0 0 0 0
V . f l u v i a l i s 0 0 0 0 0 0 0 0 0 0 4 4 0 0
V .  n ig r a p u l c h r i t u d o 0 0 0 0 0 0 0 0 0 4 4 0 0 0
V . m e t s c h n i k o v i i 0 0 0 0 0 0 0 0 0 0 0 0 0
V .  f u r n i s s i i 0 0 0 0 0 0 0 0 4 4 4 0 + -  * 0 0
V . o r i e n t a l i s 0 0 0 0 0 0 0 0 4 4 4 + * 4 4 0 0
V .  t u b i a s h i i 0 0 0 0 0 0 0 4 0 +  +  + 4 4 + 0 0
V .  v u l n i f i c u s 0 0 0 0 0 0 0 0 0 0 0 0 4
"  A ls o  te s te d  w ere  V. acsiuarianus. V. alpinolyticus . V. cum phellii. V ( a tchanuc .  V . ctnannuU en\is. V. cosuico lu . V. dam scla . I . fisc lw n . V. v<i\oi!cnc\. I . 
h a n e y i.  V'. hollisac , V. lofiei. V. na tn en en s,  V'. nereus. V. pelapius  I a n d  U . V. parahaem olyticus. V. splendidus  I a n d  11. a n d  V. mediierranci. \ ib n o  ce lls  w e re  
su s p e n d e d  in T E T  bu ffe r.
b G 7  M A b  w a s  g e n e ra te d  fro m  a  fu s io n  e x p e rim e n t in w h ich  m ice  w ere  im m u n ized  w ith  flag e lla r c o re  p ro te in  p re p a re d  f ro m  V. vu ln ificu s . A ll o th e r  M A bs w ere  
an ti-V . ch o le ra e .  A g g lu tin a tio n  r e a c t io n s  w e re  ex a m in e d  a n d  sc o re d  to  in d ic a te  a g g lu tin a tio n  a t 30 s o r  le s s  (+  + 4 ) .  30 to  60  s (-*■ + >. o r  1 to  3 m in  ( -  i.
V o l . 26. 1988 C O A G G L U T I N A T IO N  O F  V I B R I O  SPP . W IT H A N T I -F L A G E L L A R  MAb
T A B L E  .V S e r o lo g ic a !  s u r v e y  o f  c l i n i c a l  a n d  e n v i r o n m e n t a l  
\ i h t i o  i s o l a t e s  b y  c o a g g l u t i n a t i o n  w i th  r e a g e n t s  a r m e d  w i th  
a n t i - V .  c h o l c r a c  H  a n d  a n t i - V .  v u h i i f u u .s  H  M A b s
Spec ie 's  ' ino .  o f  i so la tes  tes t ed !
N o. o f  i so la tes  co af tg lu t ina ted  b> 
an t i - H  MA b' ' :
1.A10 2B1 i f : lDf» G7
\ . < h o lc r o c
O l  1 10) 10 10 10 10 0
N o n - O l  (2 7) 27 ' 27 27 27 0
\  . in iin ii u.s ( 10 ) 10 10 10 10 0
\  . f iu v io lis  ( 1 0 ) 0 0 0 0 0
1'. oin>uillurttni 112 i 0 0 0 0 0
V . o n in l i i  | 4 ) 0 0 0 0 0
\ . vu ln ificu s
C l in i c a l  (1 0 ) 0 0 0 0 10
E n v i r o n m e n t a l  (1 0 ) 0 0 0 0 i o
V . p a r a h a v n u i lx t ic t ts  (5 ) 0 0 0 0 0
V i h n o  s p e c i e s  ( u n k n o w n )  (5 ) 0 0 0 0 0
" I so la te s  ident if ied  bac te r io log ica l ly  as  th e s e  spe c ies .  E a c h  i so la te  wa s  
su s p e n d e d  in T E T  buf fe r  for  1 h  be Tore tes ting .
’ All M A b s  w e r e  an n- V.  cholcrac  H  e s c e p t  f o r d o n e  G 7 .  w h i c h  w a s  ant i-V.
V lllfvfll ll\ H.
T h r e e  isolate-- iden ti fied  bac te r io log ica l ly  a s  V cholcrac  f a i led  to  agglu t i ­
n a te  up o n  first t es t ing  bu t  d id  w h e n  they  w e r e  re i s o la ted  o n  T C B S  a g a r  or  
p a ss e d  th r ou g h  mot il i ty me d iu m .
Since FC  E L IS A  lite rs  w ere  low . the  inab ility  o f  the  1F4 
an li-H  co a g g lu tina tion  reagen t to  agg lu tina te  th e  re levan t 
v ib rios cou ld  be a ttr ib u te d  to  low affinity fo r th e  H  d e te rm i­
nan ts. A lte rn a tiv e ly . 1F4 M A b ac tiv ity  m ay be d ire c ted  to  an 
in te rna l flagellar d e te rm in an t, ex p o sed  on d en a tu red  flagellin 
u tilized  in the  FC  E L IS A , w h ich  is n o t a c cess ib le  on  native  
flagella te s ted  in the  coagg lu tina tion  a ssa y . A  com m on 
in ternal H an tigen  w as identified  by  S h inoda et al. (15-17) 
w hich  w as sero log ica lly  d e tec ta b le  on  flagellin m o n o m ers  o f  
each  Vibrio  sp ec ies  they  exam ined . In  o u r  s tu d y , m ice w ere  
im m unized  w ith the  sam e p rep a ra tio n  o f  F C  used  in the  
E L IS A . It is possib le  th a t a  h y b ridom a sec re tin g  M A b 
specific fo r an  in te rn a l an tigen  w as r e lec ted . In  ad d itio n , the  
co n c e n tra tio n  o f  each  reagen t w as defined  and co n tro lle d  in 
the  FC E L IS A , w hile in the  slide coagg lu tin a tio n  te s t the  
c o n c en tra tio n  o f  flagellar an tigen  ex p o sed  fo llow ing T E T  
tre a tm e n t and  the  q u a n tity  o f  M A b fixed to  the  su rface  o f  the 
S . a u reu s  cell o r  la tex  bead  w ere , to  som e e x te n t, bey o n d  the 
co n tro l o f  the  inv estig a to r. T h e  sensitiv ity  o f  th e  coagglu- 
tin a tio n  reac tio n  m ay a lso  be in fluenced  by th e  re lease  o f  
o u te r  m em b ran e  p ro te in s , som e o f  w hich  ex h ib it sero log ical 
id en tity  w ith  H  co re  p ro te in  (12). If  su ch  p ro te in s  a re  
ex p o sed  and  re leased  by T E T  tre a tm e n t, th e y  m ay  se rv e  to  
supp lem en t th e  ava ilab le  H an tigen .
T he fo u r sp ecies-spec ific  co a g g lu tina tion  reag e n ts  id en ti­
fied in T ab le  2 w ere  te s ted  to  a s se s s  th e ir  c a p ac itie s  to  
ag g lu tina te  th e  re lev an t Vibrio  sp ec ie s  from  am o n g  c lin ical 
and  e n v iro n m en ta l iso la tes . O ne h u n d red  th re e  c u ltu re s  o f 
the  Vibrio  sp ec ie s  identified  in T ab le  3 w ere  p ro p ag a ted  on  
a lk a lin e -p ep to n e  ag a r fo r 24 h . and  the  g ro w th  from  each  
slan t w as su sp e n d ed  in 1 to  2 ml o f  T E T  b u ffe r and  te s ted . 
T h e  anti-V . cho lerae  H  M A b re ag e n ts  agg lu tin a ted  each  o f  
th e  47 o rg an ism s identified  b ac terio log ica lly  a s  V. cho lerae  
o r  V. m im icu s  an d  d id  no t agg lu tina te  the  56 hete ro lo g o u s
vibrios exam ined  (T ab le  3). T h re e  V'. cho lerae  n o n -O l 
iso la tes  failed to  agg lu tina te  in the  first round  o f  te sting . O ne 
iso la te  ag g lu tina ted  fo llow ing passag e  th rough  m otility-en- 
h an c em en t m ed ium , an d  the  o th e r  tw o  agg lu tin a ted  fo llow ­
ing re iso la tio n  on  T C B S  ag a r, suggesting  tha t th e  original 
c u ltu re s  m ay h ave been  co n tam in a ted . S . a u reu s  ce lls a rm ed  
w ith  M A bs 1F2 an d  1A10 co n s is te n tly  ag g lu tina ted  V. c h o l­
era e  and  V. m im icu s  cell su sp e n sio n s  w ith in  30 s. In co n cert 
w ith  th is  s u rv ey , la tex  bead s  c o a ted  w ith  an ti-V . vu ln ificus  H 
M A b (clone G 7. T ab le  2) co rrec tly  identified  20 iso la tes  
identified  b ac te rio log ica lly  a s  V. vuln ificus.
E lev a ted  F C  E L IS A  tite rs  d id  n o t necessarily  im ply tha t 
an  M A b w ould  be the  b es t c a n d id a te  fo r c o n s tru c tio n  o f  a 
co a g g lu tina tion  reag e n t. M A b 2B1 c o n s is te n tly  p ro d u ced  
m arginal co a g g lu tina tion  re ac tio n s  co m p ared  w ith  th o se  o f 
M A b 1A10, yet M A b 2B1 p ro d u ced  an  E L IS A  ti te r  o f  2.560. 
co m p ared  w ith 400 fo r M A b 1A10.
It is d e s ira b le  to  co n s tru c t coagg lu tin a tio n  reag en ts  w hich  
d isc rim in a te  be tw een  V. cho lerae  an d  V. m im icu s .  a  goal 
th a t m ay n o t be  ac h iev ab le  if M A b ac tiv ity  is d ire c ted  
to w ard  recogn ition  o f  H  d e te rm in an ts . P rev iously  w e re ­
po rted  tha t po lyc lonal an ti-V . ch o lera e  H  se ru m  p ro d u ced  in 
rab b its  im m un ized  w ith  F o rm alin -k illed  w hole-ce ll vaccines 
(21. 22) and  F C  p rep a ra tio n s  (19) p ro d u ced  an ti-H  floccu la­
tion  tite rs  w ith  V'. m im icu s  equa l to  th o se  o b ta in ed  w ith  V. 
cho lerae . R abb it an ti-V . cho lerae  H  se ru m  a b so rb ed  w ith 
m otile  V. m im icu s  ce lls  no longe r p o sse sse d  sero log ically  
d e tec ta b le  anti-V '. cho lerae  H ac tiv ity . T h e  e x is ten ce  o f  80 o r 
m o re  O -an tigen  se ro v a rs  (3. 20) w ith in  the  sp ec ies  V. ch o l­
erae . m any o f  w hich  a re  sh a red  w ith  V. m im ic u s .  p rec ludes  
th e  use o f  a n t i-0  M A b reag e n ts .
B h a ttac h a ry y a  (1) p ro p o sed  a  sero log ica l n o m e n c la tu re  to  
iden tify  th e  sero log ica lly  d e te c ta b le  H an tig en s  and  th e ir  
d is tr ib u tio n  am ong  the  th re e  V ibrio  sp ec ie s  exam ined . T he 
species-spec ific  H  an tig en s  ex p re s s e d  by V'. cho lerae . V. 
a n g u illa rum .  and  V. m e tse h n ik o v ii  w ere  d es ig n a ted  A . B. 
an d  C . re sp ec tiv e ly , and  th e  H  an tig en s  sh a red  by V. 
cho lerae  and  V. angu illa rum  and  b y  V. cho lerae  and  V. 
m etseh n iko v ii  w ere  d e s ig n a ted  D  and F . re sp ec tiv e ly . T ass in  
e t al. (21. 22) re p o rte d  th a t V. flu v ia lis  e x p re sse s  H  d e te rm i­
n an ts  in com m on  w ith th e se  th re e  v ib rio s  in add ition  to  a 
species-spec ific  an tigen . T he co llec tiv e  sero log ica l activ ity  
o f  th e  six anti-V . cho lerae  H  M A bs w hich  reac ted  w ith 
he te ro lo g o u s  v ib rio  H  an tig en s  d o es  not reflec t all possib le  
H -an tig en  re la tio n sh ip s  am ong  th e se  V ibrio  sp ec ie s  b u t 
su p p o rts  in part th e  sero log ica l findings fo r po lyc lonal an ti-H  
se ru m  (1. 2, 19. 21, 22). B efo re  ex p a n d in g  th e  H -an tigen  
sch em e, it m ight be adv isab le  to  se le c t an  a lte rn a tiv e  s e ro ­
logical n o m e n c la tu re  by w h ich  to  iden tify  H  an tig en s  o f  
Vibrio  sp ec ies , s ince  A . B . an d  C a re  the  a c cep te d  d es ig n a­
tio n s  fo r the  lip o p o ly sacc h a rid e -a sso c ia ted  serovar-specific  
ce ll w all an tig en s  fo r V. cho lerae  0 1 .
T h e  H -coagg lu tina tion  te st p ro v id e s  sev e ra l ad v a n tag es  
and a p p lica tio n s  in th e  la b o ra to ry  se ttin g  a s  fo llow s, (i) T h e  
reagen t can  rap id ly  iden tify  V. ch o lera e . V. m im ic u s .  and  V. 
vu ln ificus  from  am ong  su c ro se -n eg a tiv e  an d  -positive  co lo ­
nies on T C B S  ag a r, (ii) S ince  th e  H re ag e n ts  m ain ta in  
op tim al sero log ica l a c tiv ity  fo r 1 y e a r  o r  longe r, clin ical 
la b o ra to rie s  n ee d  n o t s lo c k  th e  sp ec ia lized  m ed ia  req u ired  to  
iden tify  th e se  th re e  v ib rio  p a th o g en s , w hich  a re  e n c o u n te red  
in fre q u en tly . T h e  O l  se ro v a rs  o f  V'. ch o lera e  can  be id en ti­
fied sero log ica lly  by d ire c t s lide agg lu tin a tio n  w ith the  a p ­
p ro p ria te  a n t i - 0  se ru m  o r  by an ti-O  co a g g lu tina tion  (11). 
fo llow ing agg lu tina tion  w ith H  reag e n ts , (iii) P ublic  health  
and reg u la to ry  la bo ra to ry  p erso n n e l m ust freq u en tly  p ro cess  
sea fo o d  a n d  en v iro n m en ta l sp ec im en s  w h en  tra ck in g  the
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CHAPTER III Membrane monoclonal antibody-based enzyme- 
linked immunosorbent assay for detection of 
serogroup 01 Vibrio cholerae.
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ABSTRACT
Affinity purified anti-Vibrio cholerae Inaba polysaccharide was 
covalently bound to polyvinylidene difluoride membrane strips. The 
antibody coated membranes were tested for the ability to capture V. 
cholerae Ogawa and Inaba cells from alkaline peptone (AP) enrichment 
broth. Monoclonal antibodies specific for the V. cholerae serogroup 
A antigen were used to detect the immobilized Vj. cholerae 01 cells by 
an enzyme-linked immunosorbent assay (ELISA). The V. cholerae 
membrane ELISA detected Inaba and Ogawa strains at cell 
concentrations of > 106 colony forming units (CFU) per ml culture 
fluid. When AP broth enrichment cultures were seeded with 
approximately 102 V. cholerae Ogawa CFU per ml, the membrane ELISA 
detected these cells after 6 hours incubation. Vibrio cholerae Ogawa 
cells could also be detected in mixed Vibrio enrichment cultures.
The membrane ET.TSA did not produce positive reactions with five 
heterologous Vibrio species tested. The assay system represents an 
improved rapid and specific procedure with the potential to detect 
and identify low numbers of V. cholerae 01 strains in environmental 
samples.
24
m n x u c n o N
Vibrio cholerae has been known as the etiological agent of 
Asiatic cholera in man since the late nineteenth century. In the 
most severe form of the disease an enormous amount of water (10-12 
liters per day) is lost through the large intestine which causes 
extreme dehydration. If not treated, cardiovascular collapse and 
death may follow in a short time interval (Barua and Burrows, 1974; 
Wachsmuth et al., 1980). In most cases the disease is mild and the 
victim eventually recovers. In either event, prompt identification 
of V. cholerae in both environmental and clinical specimens is 
essential due not only to the possible fatal progession but also to 
the rapid dissemination and propagation of the disease.
To date, serogroup 01 V. cholerae has caused seven pandemics, 
the last of which spread westward from Southeast Asia across five 
continents (Roberts et al., 1982). Since the organism is usually 
communicated via fecal contamination of water sources then it was 
believed that group 01 V. cholerae do not become established in 
developed Western countries which provide clean water and adequate 
sewerage treatment to their citizens. However, in 1973 cholera 
outbreaks began to occur in Texas, Louisiana and Florida (Levine, 
1980; Blake et al., 1980; Kaper et al., 1982). Ihe vehicle of 
cholera transmission, in these cases, was identified as inadequately 
cooked or raw seafood harvested from the Gulf Coast region. Vibrio 
cholerae serotype 01 has been isolated frcsn oysters, shellfish and
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the estuarine waters of Louisiana, California and Florida (Hood et 
al., 1981; Twedt et al., 1981; Colwell et al., 1981; Kaysner et al.,
1987; Motes et al., 1983). Since the V. cholerae Ol Inaba isolates 
obtained from each cholera outbreak were determined to be the same 
biotype and exhibited the same phage sensitivity profile then it was 
concluded that the organism had been endemic in Gulf Coast waters 
since at least 1973 (Blake et al., 1980).
Because seafood harvested from the Gulf of Mexico is often laden 
with V. cholerae along with other Vibrio spp., it has been proposed 
that fresh seafood and coastal water samples be routinely tested for 
the presence of this pathogen. Several rapid assays for 
identification of Vibrio cholerae obtained from clinical and 
environmental specimens have been developed (Kaper et al., 1982; 
Gustafsson, 1984; Simonson and Siebeling, 1988; Jesudason et al.,
1984). However, if these methods are utilized to screen seafood 
and/or water samples for the presence of V. cholerae 01, a positive 
identification could not be made for at least 48 hours. In this time 
interval, water columns over commercial fishing beds may have changed 
and seafood may have become inedible. Recently, an enzyme-linked 
immunosorbent assay (ELISA) was developed for the rapid 
identification of Aeromonas and Yersinia fish pathogens (Austin et 
al., 1986). The assay was based on bacterial cell capture by 
monoclonal antibodies (Mate) immobilized on polystyrene probes. In 
these systems, positive identification of >104 cells per ml was 
determined in less than one hour. In this study, a similar detection 
method for the identification of serogroup 01 V. cholerae was
developed and tested for specificity and sensitivity.
MATERIALS AND METHODS
Affinity purification of capture antibody. Lipcpoly-saccharide 
(IPS) was extracted from V. cholerae 01 Ogawa ATOC 14035 cells by the 
method of Westphal and Jann (1965). The polysaccharide (IS) was 
separated from the lipid by treatment with base (Adams and Siebeling, 
1984), lyophilized and linked to aminohexyl-sepharose 4B (Girard and 
Gorchot, 1981). Rabbit anti-V. cholerae 01 Inaba ATOC 14033 PS- 
keyhole limpet hemocyanin (KLH) sera (Adams and Siebeling, 1984) was 
affinity purified by passage through a column containing the V. 
cholerae PS-linked aminohexyl-sepharose 4B (Girard and Gorchot,
1981). Affinity purified fractions were pooled and concentrated to 1 
mg/ml in 0.067M phosphate buffered saline (PBS), pH 7.8 by passage 
through an ultrafiltration unit (Amicon Corp., Lexington, Mass.) 
fitted with a XM50 membrane.
Purification and biotinvlation of monoclonal antibody LMab). A 
hybridoma, designated A-6, secreting Mab reactive with Vj. cholerae 01 
Ogawa PS (anti-A) was produced, cloned and frozen in our laboratory 
(Adams et al., 1988). Clone A-6 was thawed and recloned by limiting 
dilution (Oi and Herzenberg, 1980). Anti-A secreting clones were 
used to induce ascites tumors in BAIB/c mice, the ascites fluid was 
collected and the Mab (IgG3) was purified by affinity chromatography 
on Protein A Sepharose (Simonson and Siebeling, 1988). Fractions 
which contained Mab were collected and concentrated to 1 mg/ml in 
PBS, pH 7.4 by ultrafiltration. N-hydroxysuccinimidobiotin (Sigma
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Chemical Co. ,St. Louis, Mo) dissolved in dimethylformamide was added 
to the Mab solution in a 1:50 (v/v) and 5:1 (mol/mol) ratio (Bayer et 
al., 1979). The solution was held at 25°C for 4 hours and then 
dialyzed at 4°C against PBS overnight with several changes of buffer.
Bacterial strains. Specificity of the membrane ELISA was tested 
using the following Vibrio species: V. cholerae 01 Ogawa ATOC 14035, 
Vi cholerae 01 Inaba ATOC 5875, V. vulnificus ATOC 27562, V. 
fluvialis ATCC 33810, V^. parahaemolyticus ATOC 10136, V. mimicus ATOC 
33653 and V. metschnikovii ATOC 7708. The vibrio cells were 
inoculated into alkaline peptone (AP) broth (1% peptone, 2% NaCI,
0.2% yeast extract, pH 8.5), incubated overnight at 37°C and adjusted 
to approximately 5 X 108 cells/ml. Sensitivity of the membrane ELISA 
was determined utilizing ten-fold dilutions of an overnight AP broth 
culture of V. cholerae Ogawa cells adjusted to 1 X 108 cells/ml. Six 
hour enrichment cultures were generated by seeding AP broth blanks 
with various dilutions of an overnight V. cholerae Ogawa AP broth 
culture. Heterogenous AP enrichment cultures were established by 
mixing various dilutions of overnight AP broth cultures containing V. 
mimicus. V. parahaemolyticus. V. fluvialis or V. vulnificus with 
different concentrations of V. cholerae Ogawa. Mixed cultures were 
incubated at 37°C for 6 hours and the membrane ELISA was performed. 
Initial and final colony forming units (CFU) per ml was determined by 
direct spread plate count on AP agar for total Vibrio per ml and/or 
thiosulfate-citrate-bile salts-sucrose (TCBS) agar for 
differentiation and enumeration of Vibrio species.
Membrane kt.tsa. Immobilon AV affinity membranes (Millipore 
Corp., Bedford, MA) were cut into squares measuring approximately 5mm 
X 5mm. Affinity purified polyclonal rabbit anti-V. cholerae Inaba PS- 
KIH was covalently bound to membranes by incubation at 25 °C for 2 
hours with sufficient agitation to suspend the membranes in solution. 
The membranes were then held stationary in the capture antibody 
solution overnight at 4°C. All subsequent manipulations were carried 
out at 25 °C with gentle agitation on a rotary shaker unless otherwise 
noted. Excess active groups still present on the membranes were 
blocked for 2 hours by immersing the strips in a 60 X 15 mm Petri 
dish which contained 5 ml of a 10% solution of monoethanolamine in 
1.0 M NaHC03, pH 9.5. The membranes were removed from the blocking 
buffer and placed in Petri plates containing 5 ml PBS, pH 7.8, with 
0.1% (v/v) Tween-20 (TBS) for 5 min. This step was repeated two 
additional times by changing the wash solution each time. The 
membranes were then placed in Petri dishes containing 5 ml of various 
concentrations of bacterial cells suspended in AP broth and incubated 
for 30 min. The membranes were washed twice, placed individually in 
the wells of porcelain spot plates with 0.5 ml anti-V. cholerae A 
Mab-biotin conjugate diluted 1:50 in TBS containing 2% bovine serum 
albumin (BSA) and incubated for 30 min. After 3 wash cycles, 
membranes were placed in spot plate wells containing 0.5 ml avidin- 
alkaline phosphatase conjugate (Sigma Chemical Co., St. Louis, Mo) 
diluted 1:400 in TBS-BSA and were incubated for 30 min. The 
membranes were washed 3 times, placed in wells of spot plates
containing 0.5 ml of either p-nitrophenylphosphate (Img/ml in 
diethanolamine buffer, pH 9.8) or nitro blue tetrazolium (NBT) and 5- 
bix8TK^4-chloro-3-indolyiphosphate (BCIP), (0.3 mg/ml and 0.17 mg/ml 
respectively in buffer containing 0.1 M Tris, 0.1 M NaCI, 2 nM MgCl2 
and 0.05% Triton X100, pH 9.5) and incubated at 37°C for 10 or 20 min 
(Leary et al., 1983). P-nitrophenylphosphate (ENPP) substrate 
solutions (0.2 ml) were removed at appropriate time intervals and the 
absorbance at 405 nm was determined. Since the membranes retained 
color when incubated with NBT and BCIP then the optical density in mm 
was determined using a Bio-Rad model 620 densitometer fitted with a 
600 nm interference filter.
RESUUES AND DISCUSSION
It is envisioned that V. cholerae and V. vulnificus will be 
detected by direct examination of seafood homogenates at a future 
date. One approach might be to insert a probe or dipstick, armed 
with capture antibody, directly into the neat and following removal 
develop the stick with an antibody-enzyme conjugate and the 
appropriate substrate which will yield a discemable color change for 
positive samples. A prototype dipstick was constructed in this 
investigation to address the questions of sensitivity and 
specificity.
Detection of low numbers of V. cholerae 01 cells which utilizes 
an immersible solid phase support (dipstick) must involve efficient 
cell capture and specific antigen detection. The live bacterial cell 
exhibits a large variety of antigens. Vibrio cholerae can be 
differentiated serologically from other Vibrio species because it 
expresses unique flagellar (H) antigen(s) (Gardner and Venkatraman, 
1935; Simonson and Siebeling, 1986 and 1988). In addition, V. 
cholerae can be divided into at least 70 serovars based on type- 
specific somatic PS (0) antigens (Sakazaki and Shimada, 1977; Smith, 
1979; Sakazaki et al., 1970). The cholera vibrio, which has caused 
all epidemics and pandemics of classical cholera to date, exhibits an 
unique cell wall antigen (A) and are placed in 0 serogroup 1 (01). 
Serogroup 01 is subdivided into 3 serovars based on the presence of 2 
additional LPS-associated O antigens designated B and C (Mukerjee,
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1978). Vibrio cholerae 01 strains have been shown to either exhibit 
0 antigens A and B (Ogawa), A and C (Inaba) or A,B and C (Hikojima).
All other V. cholerae strains are termed non-cholera vibrios, or non- 
Ols, and possess 0 antigens other than A,B are! C. Thus, antibody- 
specific for the A antigen could be utilized to detect 01 strains.
Bhattacharyya (1977) found that dilute V. cholerae broth 
cultures were very sensitive to O-agglutinating antibody but not to 
H-agglutinating antibody. It was postulated that in young cultures 
the flagellar core was masked by the 0 antibody sensitive flagellar 
sheath. In addition, the density of the 0 antigen determinants on 
the intact cell is much greater in growing broth cultures than are 
the H antigens. Since employment of the membrane ELISA would require 
detection of V. cholerae 01 cells in dilute liquid cultures then 
specific anti-A antibody was also selected for use as capture 
antibody. Polyclonal anti-V. cholerae 01 PS-KLH rabbit sera was 
readily available and was therefore used as capture antibody.
Monoclonal antibody reactive with the A antigen of the cholera 
vibrios was used for serological V. cholerae 01 detection due to the 
exquisite specificity it possesses. The biotin/avidin system was 
employed to amplify the sensitivity of the membrane assay (Bayer et 
al.,1979).
The choice of a capture antibody immobilizing support was 
difficult due to the wide assortment available. Whole bacterial 
cells and viral particles may be attached directly to or captured by 
antibody attached to polystyrene or polyvinyl microtiter plates 
(Voller et al., 1980; Douillard and Hoffman, 1983). A variety of
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antigens, including bacteria, viruses, membranes and protozoa, can be 
tightly bound to nitrocellulose filters (Hawkes et ed., 1982). 
Proteins may also be bound to nylon-based membranes (Gershoni and 
Palade, 1983). Immobilization of antigen or antibody protein to the 
aforementioned solid phase supports is due to electrostatic and/or 
hydrophobic interactions. Alternatively, antibody may be covalently 
bound through the epsilon-amino group of lysine to a chemically 
activated polyvinylidene difluoride membrane (Millipore Corp., 
Bedford, MA). Low numbers of bacteria (< 104 /ml) probably cannot be 
detected by direct absorption of cells to a solid phase matrix 
whereas capture by immobilized antibody might serve to trap and 
concentrate cells on the carrier surface thereby increasing the 
sensitivity of detection. Since the carrier matrix must be washed 
repeatedly with non-ionic detergent then covalent attachment of 
capture antibody to the support matrix would be superior to 
immobilization of antibody through ionic or hydrophobic bonding.
The sensitivity and specificity of the membrane ELISA was first 
tested with various numbers of V. cholerae Ogawa, V. cholerae Inaba 
and heterologous Vibrio species in AP broth (Table 1). When using 
PNPP as substrate, 1 X 107 V. cholerae Ogawa cells/ml could be 
detected after 20 min. incubation of the membranes in the substrate 
solution. A ten-fold greater sensitivity (1 X 106 cells/ml) was 
observed if NBT and BCIP were used as a substrate mixture for 
alkaline phosphatase. In addition, since a purple precipitate was 
deposited onto the membrane then the positive reaction could be 
readily visualized (Fig 1). When FNPP was used as substrate the
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T a b l e  1 .  C o m p a r i s o n  o f  t h e  s e n s i t i v i t y  a n d  s p e c i f i c i t y  o f  t h e  membrane  
ELISA u t i l i z i n g  p - n i t r o p h e n y l  p h o s p h a t e  (PNPP) a n d  n i t r o  b l u e  
t e t r a z o l i u m / 5 - b r o m o - 4 - c h l o r o - 3 - i n d o l y l p h o s p h a t e  (NBT/BCIP) a s  
en z y m e  s u b s t r a t e s .
S u b s t r a t e 3
V i b r i o  s p p . _______________ c e l l s / m l _________ PNPP(Abs 4 0 5  nm)__________NBT/BCIP (OP)
V. c h o l e r a e Ogawa 1 X 1 0 8 1 . 5 -
V. c h o l e r a e Ogawa 1 X 1 0 7 0 . 7 8 2 . 1 7
V. c h o l e r a e Ogawa 1 X 1 0 6 0 . 1 0 1 . 0 7
V. c h o l e r a e Ogawa 1 X 1 0 5 0 . 0 0 . 3 1
V i c h o l e r a e Ogawa 1 X 10* 0 . 0 0 . 0
V i c h o l e r a e I n a b a 5 X 1 0 8 - 3 . 9 8
V. v u l n i f i c u s 5 X 1 0 8 0 .  07 0 . 0
Vi. D a r a h a e m o l v t i c u s 5 X 1 0 8 0 . 0 9 0 . 0
Vi. m e t s c h n i k o v i i 5 X 1 0 8 - 0 . 0
V. f l u v i a l i s 5 X 1 0 8 0 . 0 7 0 . 0
V. m im ic u s 5 X 1 0 8 - 0 . 0
3 2 0  m in .  i n c u b a t i o n  o f  m em brane s t r i p s  w i t h  s u b s t r a t e
Figure 1. Membrane strip appearance after 30 min incubation
with duplicate samples of heterologous Vibrio species 
at 5 X 108 cells/ml alkaline peptone broth followed 
by 20 min nitro blue tetrazoliimv/5-bronio-4-chloro-3- 
indolylphosphate enzyme-linked immunosorbent assay. 
Strips: A, V. cholerae Inaba; B, V. vulnificus: C, V. 
parahaemolyticus: D, V. fluvialis; E, V. 
metschnikovii: F, V. mimicus.
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absorbance values of the substrate solution could be used to estimate 
cell number per ml of culture. Direct visualization of the membrane 
strip should be more relevant as the basis of a diagnostic kit 
suitable for field employment than interpretation of fluid absorbance 
values. Both assay systems exhibited specificity in that 
heterologous Vibrio species at concentrations of 5 X 108 cells/ml did 
not produce discemable substrate color changes.
In order to increase the sensitivity of V. cholerae 01 
detection, 6 hour enrichment cultures were tested by membrane kt.tra .
When V. cholerae Ogawa cells were added, in pure culture, at 1 X 102 
V. cholerae CFU/ml, they could be detected following 6 hours of 
incubation (Table 2). Final detectable cell concentration still 
remained at about 1 X 106 tL cholerae Ogawa CFU/ml. Positive 
identification could be determined either by direct visual 
examination of the membrane squares (Fig 2) or by calculation of 
optical density in ran (Fig 3). Vibrio cholerae Ogawa cells could be 
detected in 6 hour mixed enrichment cultures (Table 3). Vibrio 
cholerae cells sealed into mixed AP broth cultures at 1 X 102 
cells/ml were readily detected, as long as the heterologous Vibrio 
species were seeded at a concentration <1 X 101 cells/ml.
Unfortunately, if greater numbers of heterologous Vibrio species were 
added before enrichment then the sensitivity of the membrane ELISA 
decreased. However, if V. cholerae Ogawa cells were present in the 
enrichment broth at an initial concentration >1 X 103 cells/ml then 
the presence of heterologous Vibrio cells did not seem to 
significantly interfere with the sensitivity of the assay. For
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T a b l e  2 .  S e n s i t i v i t y  o f  t h e  n i t r o  b l u e  t e t r a z o l i u m / 5 - b r o m o - 4 - c h l o r o - 3 -  
i n d o l y l p h o s p h a t e  m em brane ELISA b a s e d  on  m em brane c o l o r  
i n t e n s i t y 3 u t i l i z i n g  V_s_ c h o l e r a e  Ogawa 6 h o u r  e n r i c h m e n t  
c u l t u r e s .
i n i t i a l  num ber  
CFUc / m l
A s s a y  
10  m in .
t i m e b
20  m in .
f i n a l  number  
CFU/ml
1 X 1 0 4 0 . 6 0 1 . 8 0 1 X 1 0 7
1 X 1 0 3 0 . 4 2 1 . 0 6 1 . 5  X 1 0 6
1 X 1 0 2 0 . 3 4 0 . 9 3 2 X 1 0 6
1 X 1 0 1 0 . 0 5 0 . 1 2 -
1 X 1 0 ° 0 . 0 0 . 0 -
3 O p t i c a l  d e n s i t y
b T im e o f  i n c u b a t i o n  o f  m em brane s t r i p s  w i t h  s u b s t r a t e  
c  c o l o n y  f o r m i n g  u n i t s
Figure 2. Membrane strip appearance after 30 min incubation 
with V. cholerae Ogawa 6 hour alkaline peptone 
enrichment broth cultures followed by 20 min nitro 
blue tetrazoliun/5-brcnio-4-chloro-3-indolylphosphate 
enzyme-linked immunosorbent assay. Strips: A, culture 
seeded with 105 cells/ml; B, 104 cells/ml; C, 103 
cells/ml; D, 102 cells/ml; E, 10 cells/ml; F, broth 
only.
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Figure 3. Densitometer scan of membrane strips after 30 min 
incubation with V. cholerae Ogawa 6 hour alkaline 
peptone enrichment broth cultures followed by 20 min 
nitro blue tetrazol iuny'5-bromo-4-chloro-3-indolyl 
phosphate enzyme-linked immunosorbent assay. Peak 
number: 1, culture seeded with 105 cells/ml; 2, 104 
cells/ml; 3, 103 cells/ml; 4, 102 cells/ml; 5, 10 
cells/ml; 6, broth only.
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example, V. mimicus cells were seeded at 2.5 X 104 cells/ml and did 
not inhibit detection of V. cholerae Ogawa at an initial 
concentration of 5 X 103 cells/ml. It appears that the sensitivity 
of V. cholerae Ogawa detection in mixed enrichment cultures depends 
not only on initial V. cholerae cell density but also final V. 
cholerae cell population. The final V^. cholerae cell concentration 
obtained in mixed cultures depends on the initial V. cholerae cell 
concentration and the amount of growth inhibition exerted on V. 
cholerae cells by heterologous bacteria present in the enrichment 
culture.
Several studies have been undertaken to determine the 
distribution of Vibrio species in the marine environment (Oliver et 
al., 1982 and 1983; Kaper et al., 1979; Colwell et al.,1981 and 
1984). In most cases, oyster neat was more heavily contaminated with 
bacteria than were other shellfish examined. On average, oyster 
samples exhibited 103 to 106 bacteria per gram of oyster meat which 
depended on such factors as sampling area, water temperature, 
salinity and pH. Bacteriological analysis of oysters captured from 
Florida to Maine, revealed that approximately 40% of the isolates 
were identified as Vibrio species, 60% of which were sucrose positive 
on TCBS agar (Oliver et al., 1983). Of these sucrose positive 
vibrios, V. cholerae levels varied. The levels of V. cholerae 01 and 
non-Ol in crabs collected from Louisiana coastal areas flutuated from 
<0.3 to 1100 per gram of sample analyzed (Roberts et al., 1984).
Although V. cholerae isolates were abundant in waters and shellfish 
collected from Florida estuaries, 01 vibrios comprised 1% of the
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T a b le  3 .  S e n s i t i v i t y  o f  t h e  membrane n i t r o  b l u e  t e t r a z o l i u m / 5 - b r o m o - 4 - c h l o r o -  
3 - i n d o l y l p h o s p h a t e  e n z y m e - l i n k e d  im m unosorbent a s s a y  b a s e d  on 
membrane c o l o r  i n t e n s i t y  u t i l i z i n g  m ixed  V i b r i o  e n r ic h m e n t  c u l t u r e s .
i n i t i a l  CFUa/m l ODb f i n a l
APAC
CFU/ml
TCBSd
5 X 103 V. c h o l e r a e 2 . 9 7 n . d . e n .d .
2 . 8  X 1 0 3 V. c h o l e r a e 2 . 6 6 2 X 1 0 7 5 X 106
5 X 102 V. c h o l e r a e 1 .6 8 n . d . n .d .
-2 .5  X 1 0 2 V. c h o l e r a e  
5 X 1 0 1 V. v u l n i f i c u s
1 .0 8 n . d . n .d .
n .d .
2 . 8  X 1 0 3 V. c h o l e r a e  
2 X 102 V. v u l n i f i c u s
2 . 1 6 l  X i o 7 1 X 1 0 5
2 X 106
2 . 5  X 1 0 3 V. c h o l e r a e  
5 X 102 V. v u l n i f i c u s
2 . 1 4 n . d . n . d .
n . d .
2 . 8  X 1 0 3 V. c h o l e r a e  
2 X 1 0 3 V. v u l n i f i c u s
1 .6 8 IX 107 7 X 1 0 5 
4 X 1 0 6
5 X 102 V. c h o l e r a e  
1 X 104 V. v u l n i f i c u s
0 . 6 6 n . d . n . d .
n . d .
2 . 5  X 1 0 2 V. c h o l e r a e  
5 X 1 0 1 V. r » a r a h a e m o lv t ic u s
1 . 4 9 n . d . n . d .
n .d .
2 . 8  X 1 0 3 V. c h o l e r a e
3 . 5  X 1 0 2 V. D a r a h a e m o lv t i c u s
1 . 7 6 9 X 1 0 6 3 X 106 
3 X 104
2 . 5  X 1 0 3 V. c h o l e r a e  
5 X 102 V. D a r a h a e m o lv t ic u s
2 . 3 1 n . d . n .d .
n .d .
2 . 8  X 1 0 3 V. c h o l e r a e
3 . 5  X 1 0 3 V. D a r a h a e m o lv t i c u s
1 . 7 6 9 X 1 0 6 6 X 1 0 5 
6 X 1 0 5
5 X 102 V. c h o l e r a e  
1 X 1 0 4 V. D a r a h a e m o lv t ic u s
0 .6 2 n . d . n .d .
n . d .
2 . 8  X 1 0 3 V. c h o l e r a e  
7 . 5  X 1 0 2 V. m im icu s
2 . 2 0 1 X 1 0 7 7 X 1 0 6 
<1 X 1 0 5
2 . 8  X 1 0 3 V. c h o l e r a e  
7 . 5  X 1 0 3 V. m im icu s
1 .7 2 6 X 1 0 7 9 X 1 0 5 
1 X 1 0 5
Table 3. (continued)
i n i t i a l  CFU/ml OD f i n a l
APA
CFU/ml
TCBS
5 X 1 0 3 V. c h o l e r a e  
2 . 5  X 10*~V. m im icu s
1 .1 2 n . d . n .d .
n .d .
5 X 102 V. c h o l e r a e  
2 . 5  X 1 0^ -V .  m im icu s
0 .7 2 n . d . n .d .
n .d .
5 X 1 0 2 V. c h o l e r a e  
2 . 5  X 10*~V. m im icu s
0 . 4 5 n . d . n .d .
n .d .
5 X 1 0 3 V. c h o l e r a e  
3 . 5  X l O ^ V .  f l u v i a l i s
1 .7 7 n . d . n .d .
n .d .
5 X 1 0 2 V. c h o l e r a e  
3 . 5  X l O ^ V .  f l u v i a l i s
0 .7 2 n . d . n . d .
n .d .
5 X 1 0 2 V. c h o l e r a e  
3 . 5  X l O ^ V .  f l u v i a l i s
0 . 4 8 n . d . n .d .
n .d .
a c o l o n y  fo r m in g  u n i t s
b o p t i c a l  d e n s i t y  o f  membrane s t r i p s  a f t e r  20 min i n c u b a t i o n  w i t h  
s u b s t r a t e  
c  a l k a l i n e  p e p t o n e  a g a r
^ t h i o s u l f a t e - c i t r a t e - b i l e  s a l t s - s u c r o s e  a g a r  
e  n o t  d one
47
total V. cholerae strains isolated (Hood et al. , 1984). Due to the 
low numbers of V. cholerae 01 isolates present in marine specimens it 
seems unlikely that 01 vibrios could be detected directly in water or 
shellfish samples without utilizing a selective enrichment broth to 
increase Vibrio numbers. Of the media employed for Vibrio 
enrichment, AP broth is the most widely used (Fumiss et al., 1978).
The employment of a selective Vibrio enrichment medium will increase 
the cell numbers of not only 01 vibrios but also heterologous Vibrio 
species present in the sample. Therefore, a rapid identification 
system, based on detection of 01 cholerae in enrichment culture, 
must address the problem of overgrowth by heterologous organisms in 
the specimen under examination.
Gustafsson (1984) first employed Mabs directed against the O- 
specific antigens of V. cholerae 01 LE5 in the serological 
identification of V. cholerae 01 strains. He utilized a double 
antibody sandwich ELISA in which anti-A Mabs were immobilized in the 
wells of polyvinyl chloride microtiter plates. Serogroup 01 vibrios 
could be detected at concentrations of 3 X 106 to 4 X 107 cells/ml 
with peroxidase-conjugated anti-01 Mabs. Although the sensitivity of 
01 vibrio detection in the sandwich ELISA was comparable to that 
demonstrated by the membrane ELISA, Gustafsson tested V. cholerae 
cultures only. Environmental samples would have to be manipulated to 
obtain pure V. cholerae cultures. These manipulations would involve 
at least 48 hours processing time. In contrast, if the membrane 
ELISA were employed to test environmental samples then enrichment 
cultures could be assayed for the presence of 01 vibrios in 9 hours
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or less. Although Gustafsson concluded that the capture antibody 
readily adhered to the plastic of the microtiter plate in the double 
antibody sandwich ELISA, a matrix that would covalently bind protein 
containing lysine residues would be advantageous in the development 
of a bacterial detection system based on immobilization of capture 
antibody on a solid phase support.
Similarly, a double antibody sandwich ELISA (TECRA™) was 
developed for the identification of Salmonella in foods and food 
ingredients (Bioenterprises Pty. Ltd.). The TECRA™ Salmonella 
detection scheme was tested in independent trials and was found to be 
at least as sensitive as standard bacterial culture methods for the 
detection of Salmonella species in foods (Huges et al.,1987; Jay and 
Comar, 1988). Following an 18-22 hour pre-enrichment, a 6-8 hour 
selective enrichment and a 16-20 hour post-enrichment all Salmonella 
strains were detected with the TECRA™ system at concentrations as 
low as 1-5 X 105 cells/ml. Even though the sensitivity was 
acceptable, food items had to be extensively enriched to detect 
Salmonella species. While the time required to presumptively screen 
food samples for Salmonella with the TECRA™ system (46 ± 2 hours) 
was significantly less than that required to confirm Salmonella 
isolates by conventional bacteriological methods (> 96 hours) this 
approach would be inappropiate for examination of fresh seafood or 
water from which seafood was harvested for the presence of 01 
vibrios. In addition, a "selective" enrichment broth designed for 
Salmonella species was employed, in which the growth of organsims 
other than Salmonella was inhibited which yielded high numbers of
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Salmonella in the final enrichment broth.
Recently, a non-serological approach to the identification of V. 
vulnificus environmental isolates was employed. Morris et al. (1987) 
developed a radioactive DNA probe for the cytotoxin-hemolysin gene 
produced by both virulent and avirulent V. vulnificus strains.
Oyster hcmogenates were spiked with 10-fold dilutions of V. 
vulnificus and were spotted onto nitrocellulose filters. The filters 
were placed on an agar surface, incubated overnight and then 
hybridized with the cytotoxin-hemolysin gene probe. The study 
concluded that the gene probe provided a sensitive and specific 
method by which to identify environmental V. vulnificus isolates.
However, <104 CFU per gram of oyster neat could ret be consistently 
detected and positive identification could not be made in less than 
48 hours. A similar identification system based on detection of V. 
cholerae 01 isolates with a ENA probe specific for the cholera toxin 
gene was developed by Kaper et al (1982). Although very useful in 
determining the molecular epidemiology of V. cholerae in the Gulf 
Coast region, the gene probe would be inefficient for use in 
detection of 01 vibrios since non-cholera vibrios which do produce 
cholera toxin and V. cholerae 01 strains which do not produce cholera 
toxin are present in the environment.
The membrane ELISA provides a rapid and specific test for the 
detection of 01 vibrios in environmental samples. A positive 
presumptive identification of 01 V. cholerae can be determined in 
less than 9 hours as opposed to more than 48 hours assay time 
required by other 01 V^. cholerae detection procedures. The membrane
ELISA appears to be highly specific for V. cholerae Ogawa and Inaba 
strains since no serological cross reactivity with heterologous 
Vibrio species was observed. Detection of 01 vibrios in 
environmental samples could be improved by use of an enrichment 
medium selective for V. cholerae. The utilization of salt-free AP 
broth selects for the growth of V. cholerae and V. mimicus (Spira, 
1984). Recently, a new plating medium, cellabiose-polymyxin B- 
aolistin agar, was developed for the isolation of V. cholerae and V. 
vulnificus (Massad and Oliver, 1987). Although used as a plating 
medium, it may be feasible to employ the medium as an enrichment 
broth for the selective isolation of V. cholerae and V. vulnificus. 
Cell capture might be enhanced by employment of alternative capture 
antibodies. Gustafsson (1984) noted that the capture antibody should 
preferentially be of the Igff4 class to enhance bacterial 
immobilization. In addition, use of Mab specific for the A antigen 
of 01 V. cholerae instead of polyclonal antibody as capture antibody 
may improve 01 vibrio immobilization thereby increasing sensitivity 
of the membrane ELISA.
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